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ABSTRACT 


This  report  describes  experimental  models  of  Radio  Set  AN/TRC-56, 
developed  for  Rome  Air  Development  Center  by  Philco  Corporation  under  Air 
Force  Contract  AF  30(602)-2331.  The  AN/TPC-56  Radio  Set  consists  of  a 
radio  unit  and  a  multiplex  unit. 

The  portable  radio  unit  operates  in  either  the  7. 125  -  8.4  gc  or  14.0  - 
15.4  gc  frequency  bands.  It  is  tripod-mounted  and  has  a  self-contained  antenna. 
It  is  completely  solid-state  except  for  two  klystrons  which  serve  as  the  trans¬ 
mitter  and  local-cscillator  tubes.  The  radio  unit  is  capable  of  operating 
with  various  types  of  multiplex  in  addition  to  its  companion  AN/TRC-56 
multiplex.  It  is  also  capable  of  carrying  television  signals. 

The  AN/TRC-56  multiplex  unit  is  a  frequency-division  multiplex  equipped 
with  twelve  4-kc  voice  channels  and  two  20-kc  data  channels,  with  expansion 
capability  for  an  additional  10  data  channels.  Each  voice  channel  is  equipped 
with  a  termination  unit  providing  two-wire,  four-wire,  a-c  ringdown,  and 
E  b  M  dialing  options.  The  unit  is  completely  solid-state. 

This  report  contains  the  physical  and  functional  descriptions,  design 
goals,  and  test  results  for  the  experimental  models.  In  addition,  recommen¬ 
dations  for  future  equipments  are  made. 
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SECTION  I 
INTRODUCTION 


The  AN/TRC  56  Program  coneieted  of  the  development  of  a  line-of- 
■Ight  microwave  equipment  with  a  multiplex  terminal  unit.  The  radio  unit 
was  to  be  mounted  on  a  tripod  assembly  with  the  antenna  an  integral  mechani¬ 
cal  part  of  the  radio  package.  The  frequency  of  transmission  was  to  take 
place  in  two  different  bands;  7. 125  gc-S.4  gc.  -and  14.0  gc-'15.4  gc.-.  Both 
units,  the  radio  and  multiplex,  were  to  be  unattended,  portable,  solid-state 
equipments  which  could  be  subjected  to  extreme  environments. 

The  purpose  of  this  report  is  to  discuss  the  achievements  and  short¬ 
comings  of  the  developed  equipment,  its  physical  and  functional  aspects, 
and  the  circuit  methods  employed.  Section!  II  and]<Klrare  discussions  of  the 
multiplex  and  radio,  and  contain  detailed  information  of  each  equipment. 
Section  IV  is  a  discussion  of  the  units  as  a  system.  The  bulk  of  information 
on  both  units  was  separated  into  two  sections  since,  aside  from  level  require¬ 
ments  at  baseband  frequencies,  the  specifications  are  identified  on  a  per-unit 
basis. 


1 


SECTION  n 


MULTIPLEX 


A.  GENERAL 

1.  Mechanical  Description 

The  AN/TRC-56  MULTIPLEX  is  an  entirely  solid-state  equip¬ 
ment  designed  for  field  use  under  extreme  environmental  conditions.  The 
multiplex  is  contained  in  one  integral  ruggedized  package.  Most  of  the  cir¬ 
cuitry  is  placed  on  printed  boards  and  has  been  designed  for  quick  access. 
Shock  frames  provided  with  the  vmit  are  used  when  the  equipment  is  in  tran¬ 
sit.  Setup  of  the  equipment  requires  removal  of  the  front  cover  and  the  plate 
assemblies.  After  the  equipment  has  been  set  up,  the  front  cover  can  be  re¬ 
placed  to  environmentally  seal  the  unit.  Internal  forced-air  convection  is 
used  to  cool  the  unit  to  ensure  longer  life: for  the  active  components.  Inter¬ 
connection  of  the  various  assemblies  is  made  at  the  back  of  the*  unit.  There 
are  four  majc  groups  of  subassemblies:  the  Power  Supply,  the  Carrier 
Generator  Assembly,  the  Signaling  and  Termination  Assemblies,  and  the 
Transmit-Receive  Assemblies. 

The  Power  Supply  Assembly  is  in  the  center  portion  of  the  equipment 
and  is  entirely  removable  as  an  integral  xmit  from  the  front  of  the  unit.  The 
Power  Supply  Assembly  consists  of  the  Metering  Facilities,  the  Transmit 
Baseband  Amplifier,  and  the  Power  Supply.  The  Carrier  Generator  Assembly 
is  located  at  the  center-back  of  the  unit  and  is  removable  from  the  back  of  the 
unit.  The  Signaling  and  Termination  Assemblies,  which  are  printed  boards, 
slide  on  tracks  for  easy  removal  and  are  placed  side  by  side  at  the  bottom  of 
the  unit.  The  Transmit-Receive  Assemblies  are  arranged  in  two  rows  above 
the  Signaling  and  Termination  Assemblies  and  are  also  made  for  quick  re¬ 
moval.  The  row  of  IZ  Transmit-Receive  Assemblies  immediately  above  the 
Signaling  and  Termination  Assemblies  are  the  Voice  Channels.  Each  Trans¬ 
mit-Receive  Assembly  of  the  Voice  Channel  is  associated  with  a  Signaling 
and  Termination  Assembly  directly  underneath.  The  top  row  of  Transmit- 
Receive  Assemblies  are  the  data  channels.  Both  the  Signaling  and  Termina¬ 
tion,  and  the  Transmit-Receive  Assemblies  are  removable  from  the  front  of 
the  unit  after  the  front  cover  and  plate  assemblies  have  been  taken  off.  See 
Figure  1  for  the  phyfsical  location  of  these  assemblies. 
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The  Signaling  and  Termination  Assembliee  are  all  Identical  can  be 
interchanged.  Different  options  provided  by  the  Signaling  and  Termination 
assemblies  are  chosen  by  removing  the  card  and  operating  the  switches  to 
their  proper  positions.  Adjustments  of  input  and  output  levels  on  the  Trans¬ 
mit  and  Receive  cards  are  made  with  the  printed  board  connected  in  the  unit. 
These  adjustments  are  accessible  when  the  plate  assemblies  are  removed. 

The  plate  assemblies  hold  the  printed  boards  firmly  in  place. 

The  circuitry  on  the  cards  consists  of  printed  copper  with  gold  flash 
to  ensure  good  solder  connections.  The  boards  are  fungus  proofed.  Tran¬ 
sistors  are  mounted  in  clips  for  mechanical  rigidity.  All  tantalum  capacitors 
are  held  firmly  in  place  with  an  epoxy. 

2.  F\mctional  Description 

Figure  2  shows  in  simplified  block  form  the  interconnection  of 
the  assemblies  in  the  Multiplex  Equipment.  The  Transmit-Receive  Assemr 
blies  are  basically  identical  except  for  the  frequencies  at  which  filtering  takes 
place.  A  Voice  Channel  without  the  Signaling  and  Termination  Assembly  is 
the  same  as  a  Data  Channel  except  for  its  narrower  bandwidth.  The  Signal¬ 
ing  and  Termination  unit  adapts  a  particular  channel  for  E  &c  M  Dialing  or 
AC  Ringdown  operation;  and  for  Two-Wire  or  Four-Wire  operation.  The 
various  options  are  chosen  by  positioning  switches  located  on  the  assembly. 
For  both  AC  Ringdown  and  £  &  M  Dialing  operation,  the  Signaling  Termin¬ 
ation  Assembly  produces  a  sqtxare-wave  output  which  keys  the  transmitted 
channel  carrier  on  and  off  at  the  Transmit-Receive  Aseembly.  The  Signal¬ 
ing  and  Termination  Assembly  receives  the  keyed  carrier  from  the  Transmit- 
Receive  Assembly  and,  depending  upon  switch  orientation,  either  turns  a  re¬ 
lay  switch  on  and  off  for  E  &  M  operation  or  connects  20  cps  ringing  to  the 
two -wire  line  for  AC  Ringdown  operation.  Audio  signal  in  and  out  is  connected 
to  the  Transmit-Receive  Assemblies  through  the  Signaling  and  Termination 
Assemblies  which  provide  a  4-wire  or  2-wire  input. 

On  each  Transmit-Receive  Assembly,  the  input  audio,  or  data,  ampli¬ 
tude  modulates  a  150-kc  carrier  which  is  then  filtered  by  a  bandpass  filter. 

The  modulated  signal  is  then  heterodyned  to  its  proper  channel  frequency. 

After  filtering,  the  combined  chaxmel  signals  are  amplified  in  the  baseband 
amplifier.  The  combined  baseband  signal  can  now  be  transmitted  over  a 
radio  link.  The  receiver  portion  of  the  Transmit-Receive  assembly  receives 
the  baseband  signal  from  a  radio  and  after  filtering  the  baseband  signal  to 
retrieve  only  the  channel  information,  heterodynes  this  signal  to  150  kc.  The 
signal  then  is  envelope  detected  and  low-pass  filtered.  The  low-pass  filter  is 
flat  to  4  kc  for  Voice  Channels  and  flat  to  20  kc  for  data  channels.  After 
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additional  amplification,  the  Voice  Channel  signals  are  fed  to  the  Signaling 
and  Termination  Assembly  from  which  they  are  fed  out  of  the  equipment  on 
the  2 -wire  line  or  one  pair  of  the  4- wire  lines.  The  outputs  of  the  Data 
Transmit-Receive  Assemblies  are  fed  directly  out  of  the  equipment. 

The  Carrier  Generator  Assembly  provides  the  Transmit-Receive 
Assembly  with  the  carriers  necessary  for  modulation.  Each  Transmit- 
Receive  Assembly  is  provided  with  150  kc  and  a  carrier  which,  when  mixed 
with  150  kc,  produces  the  channel  carrier.  Table  I  shows  the  frequencies 
which  the  Carrier  Generator  provides  to  the  different  channels. 

The  Power  Supply  Assembly  consists  of  the  Baseband  Amplifiers,  the 
Metering  and  Test  Facility,  and  the  Power  Supply.  The  Metering  and  Test 
Facility  is  designed  for  field  use  so  that  the  equipment  can  be  set  up  to 
common  operating  levels  without  the  use  of  external  equipment.  The  Power 
Supply  powers  the  blower  and  all  the  circuitry  contained  in  the  equipment. 

3.  Design  Goals  and  Test  Results 

The  design  goals  for  the  AN/TRC-56  are  based  on  the  requirements 
of  RADC  2562A,  Amendment  7.  Table  2  presents  in  short  form  the  tabulated 
specifications  and  test  results.  The  subsequent  tables  (III  through  IX)  and 
illustrations  (Figures  3  through  38)  present  the  test  results  in  detail. 

B.  TRANSMIT-RECEIVE  ASSEMBLIES 

1.  Mechanical  Description 

The  Transmit-Receive  Assemblies  are  7  by  13-3/8  inch  printed 
boards.  The  transmit  portion  of  the  assembly  occupies  approximately  one 
third  of  the  board  space.  An  attempt  was  made  to  mechanically  shield  the 
the  transmit  side  from  the  receive  side  by  occupying  the  space  between  them 
with  heavy  grounds  and  encased  units  whose  outer  case  was  grounded.  Cir¬ 
cuits  which  operate  at  low  frequencies  are  located  the  farthest  from  the 
connector.  High-frequency  circuits  are  located  close  to  the  connector.  This 
was  done  to  minimize  radiation  from  board  to  board  or  within  the  board. 

Where  possible, the  encased  units  are  also  positioned  near  the  edges  of  the 
card  to  give  added  strength.  Two  guides  on  the  connector  of  the  board  pro¬ 
mote  smooth  connection  of  the  assembly.  A  Transmit-Receive  patch  board 
is  provided  for  troubleshooting. 
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Table  I  Frequency  Plan 


Transmitter 

Receiver 

Channel 

Reference 

Channel 

Channel 

Baseband 

Number 

Carrier  (kc) 

Carrier  (kc) 

Carrier  (kc) 

Frequency  (kc) 

1 

150 

800 

800 

650 

2 

150 

800 

800 

950 

3 

150 

850 

850 

700 

4 

150 

850 

850 

1000 

5 

150 

900 

900 

750 

6 

150 

900 

900 

1050 

7 

150 

950 

950 

800 

8 

150 

950 

950 

1100 

9 

150 

1000 

1000 

850 

10 

150 

1000 

1000 

1150 

11 

150 

1050 

1050 

900 

12 

150 

1050 

1050 

1200 

13 

150 

200 

200 

50 

14 

150 

200 

200 

350 

15 

150 

250 

250 

100 

16 

150 

250 

250 

400 

17 

150 

300 

300 

150 

18 

150 

300 

300 

450 

19 

150 

350 

350 

200 

20 

150 

350 

350 

500 

21 

150 

400 

400 

250 

22 

150 

400 

400 

550 

23 

150 

450 

450 

300 

24 

150 

450 

450 

600 

5 


Table  II  Specifications 


Specification 
Item  Number 

3.  5.  3. 1.  1 
(Data  Chan. ) 

3.  5.  3. 1. 2 
(Data  Chan. ) 

3.  5.  3. 1.  3 

3.  5.  3. 1.6 

3.5.3.  1.7 
3.  5. 3. 2.  10 


3.  5.  3.1.8 
3.  5.  3.  2.  11 

3.5.  3.  2.  1 
(Voice  Chan. ) 


Specification 

From  300  cps  to  20  kc,  the  attenua¬ 
tion  shall  be  within  -1  db,  +2  db  ref¬ 
erenced  to  16  kc 


Phase  distortion  coefficient  from  600 
cps  to  19  kc  shall  not  exceed  300  psec 

Single  harmonic  distortion  within  the 
band  between  600  cps  and  19  kc 
shall  not  be  less  than  30  db 

Crosstalk  shall  not  be  less  than 
60  db 


Input  impedance  and  input  levels 

a.  600  ohms 

b.  Levels  -10  dbm  to  +7  dbm 


Output  impedance  and  output  levels 

a.  600  ohms 

b.  Levels  -10  dbm  to  +7  dbm 

Frequency  response  from  300  cps 
to  3500  cps  shall  have  attenuation 
variation  of  less  than  i:l'db  about 
1  kc 


Measured 

This  spec,  was  met 
by  average  frequency 
response  of  the  data 
channels. 

Less  than  200  psec 

Greater  than  40  db  at 
1  kc;  nominal  value 
50  db  at  1  kc. 

Worst  case,  51  db; 
nominal  crosstalk, 

67  db 

600  ohms  ±  10%  (Z^j^) 

-8  to  +7  dbm,  2-Wire 
Voice  Chan. 

-25  to  -10  dbm.  Data 
Channel 
-25  to  -10  dbm, 
4-Wire  Voice  Channel 

600  ohms  ±10%  (Z^^^) 

+7  dbm  2 -wire  and 
4-wire  Voice  Chan.  ; 
+9  dbm  Data  Chan. 

All  channels  within 
specification.  Nom¬ 
inal  frequency  re¬ 
sponse  was  -0  db,  +1 
db  about  1  kc 
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Table  II  Specifications  (Continued) 


Specification 


Item  Number 

Specification 

Measured 

3.  5.  3.  2. 2 
(Voice  Chan. ) 

Phase  distortion  coefficient,  165 
/isec,  600  to  3200  cps 

Coefficient,  100  fieec  1  kc  to  2.6  kc 

130  ^sec  600  to  3.  2  kc 

130  psec  1  kc  to  2.6  kc 

3.  5.  3.  2.  2.  1 

Absolute  delay,  300  cps  to  3500  cps, 
1,5m  sec 

Less  than  1  msec 

3.  5.  3.  2. 3 

Single  harmonic  distortion  from 

300  cps  to  3500  cps  greater  than 

40  db,  with  50  db  as  design  goal 

Greater  than  40  db  at 

1  kc;  noihinal  value  of 

50  db 

3.5.  3.2.6 
(Voice  Chan. ) 

Crosstalk  shall  not  be  less  than 

60  db 

Worst  case  51  db!  nom¬ 
inal  crosstalk  67  db 

3.5.  3.2.7 

Echo  attenuation  shall  be  25  db 

or  more 

Greater  than  .40  db  when 
set  for  0  dbm  in,  -6 
dbm  out,  at  1  kc 

3.5.  3.2.  12 

Noise  32  dba  at  OLTP  maucimum 

Worst  case,  37.  5  dba; 
Nominal,  26  dba 
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Table  III  AN/TRC-56  Multiplex 
Input  Impedance 


REFERENCE: 


Philco  Record  Book:  11729 

Sheet:  No.  40 

Date:  August  14,  1962 

TEST  CONDITIONS: 

Input  level  of  voice  channels  {1  through  12)  set  at  0  dbm. 
Input  level  of  data  channels  (22  and  24)  set  at  -16  dbm. 
Voice  channels  connected  for  2-wire  operation. 

Test  frequency  1  kc. 

TEST  RESULTS: 


MULTIPLEX  A  MULTIPLEX  B 


Channel 

Zin 

Channel 

Zin 

Number 

( ohms ) 

Number 

(ohms) 

1 

615 

1 

645 

2 

561 

2 

606 

3 

600 

3 

645 

4 

595 

4 

645 

5 

595 

5 

645 

6 

588 

6 

625 

7 

583 

7 

645 

8 

583 

8 

639 

9 

588 

9 

632 

10 

600 

10 

625 

11 

583 

11 

625 

12 

600 

12 

625 

22 

600 

22 

625 

24 

606 

24 

619 
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Table  IV  AN/TRC-56  Multiplex 
Noise  Measurements 


REFERENCE: 

Philco  Record  Book:  11729 

Sheet:  No.  54 

Date:  August  22,  1962 

TEST  CONDITIONS: 


Multiplex  back-to-back  . 

Two -wire:  0  dbm  in,  -3  dbm  out  at  1  kc:  channels  1  through  12. 
Four-wire:  -16  dbm  in,  -3  dbm  out  at  1  kc;  channels  22  and  24. 


TEST  RESULTS: 


UNIT  A  TO  UNIT  B  UNIT  B  TO  UNIT  A 

Noise  S/N  Ratio  Noise  S/N  Ratio 


Channel 

FIA 

Flat 

FIA 

Flat 

FIA 

Flat 

FIA 

Flat 

Number 

(dba*) 

(dbm) 

(db) 

(db) 

(dba*) 

(dbm) 

(db) 

(db) 

1 

22.0 

-46.  5 

63.0 

43.  5 

23.  0 

-44.  5 

62.0 

41.5 

2 

24.8 

-44.5 

60.  2 

41.5 

21.5 

-49.0 

63.5 

46.0 

3 

25.4 

-39.0 

59.6 

36.0 

26.0 

-52.  0 

59.0 

49.0 

4 

24.  2 

-49.  5 

60.8 

46.  5 

27.0 

-44.  0 

58.0 

41.0 

5 

23.  2 

-37.  5 

61.8 

34.  5 

25.  0 

-35.  5 

60.0 

32.5 

6 

27.  5 

-31. 4 

57.5 

28.4 

32.  0 

-31.0 

53.0 

28.0 

7 

24.  0 

-48.0 

61.0 

45.  0 

21.0 

-53.5 

64.0 

50.5 

8 

31.6 

-43.  4 

53.4 

40.  4 

23.  0 

-50.  5 

62.  0 

47.5 

9 

25. 8 

-46.4 

59.  2 

43.4 

27.8 

-43. 4 

57.  2 

40.4 

10 

27.  6 

-49.  0 

57.4 

46.0 

29.2 

-47.0 

55.8 

44.0 

11 

31. 8 

-47.4 

53.  2 

44.  4 

24.  0 

-45.5 

61.0 

42.5 

12 

37.  5 

-30.  5 

47.  5 

27.  5 

31. 0 

-42.  5 

54.  0 

39.5 

22 

23.  2 

-48.  5 

61.8 

45.5 

23.  0 

-54.8 

62.0 

51.8 

24 

23.  0 

-45.0 

62.  0 

42.  0 

22.  0 

-50.  5 

63.0 

47.  5 

*  Adjusted  to  zero  transmission  level  point 
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Table  V  AN/TRC-56  Multiplex 
Echo  Attenuation 

REFERENCE: 

Philco  Record  Book;  11729 

Sheet:  No.  46 

Date:  August  18,  1962 

TEST  CONDITIONS; 

All  channels  set  lor  0  dbm  in  and  -6  dbm  out  in  2-wire  operation. 

TEST  RESULTS: 

Channel  Unit  A  to  Unit  B  Unit  B  to  Unit  A 

Number  (db)  (db) 

1  38.5  42.0 

2  40.2  39.5 

3  40.5  42.2 

4  42.3  38.2 

5  39.0  38.5 

6  40.3  39.2 

7  41.7  38.1 

8  37.0  39.3 

9  42.2  40.5 

10  39.3  34.4 

11  39.7  36.9 

12  39.0  38.6 
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Table  VI  AN/TRC-56  Multiplex 
Dialing  Distortion 

REFERENCE: 

Philco  Record  Book:  11729 
Sheet:  Nos.  42  and  43 
Date:  August  16,  1962 

TEST  RESULTS: 


Channel 

Unit  A  to  Unit  B 

Unit  B  to  Unit  A 

Number 

t^  (msec) 

Dist.  *  {%) 

t^  (msec) 

Dist. * 

1 

1.4 

1.96 

0.  1 

0.  14 

2 

1.4 

1.96 

0.  3 

0.42 

3 

0.  2 

0.  28 

0.4 

0,56 

4 

0.6 

0.70 

0,6 

0.84 

5 

0.  2 

0.  28 

1.6 

2.  24 

6 

2.  2 

3.  08 

1,  3 

1.82 

7 

0.  2 

0.28 

0.2 

0.28 

8 

1.6 

2.24 

1.8 

2,  52 

9 

1.0 

1.4 

1.8 

2.52 

10 

1.6 

2.  24 

1.  5 

2.  1 

11 

1.0 

1.4 

0.  3 

0.42 

12 

1.2 

1.68 

0.  3 

.  0.42 

is  the  time  variation  of  dialing  pulses 
*  referenced  to  fourteen  pps  dialing  rate 


Table  VII  AN/TRC-56  Multiplex 
Channel  Distortion 

REFERENCE: 

Philco  Record  Book:  11729 

Sheet:  No.  50 

Date:  August  21,  1962 

TEST  CONDITIONS: 

Radio  set  and  multiplex  connected  as  a  one-hop  system. 


0  dbm  input,  -3  dbm  output;  2-wire  operation; 
channels  1  through  12 

-16  dbm  input,  -3  dbm  output  on  channels  22  and  24. 

TEST  RESULTS: 

Channel  Unit  A  to  Unit  B  Unit  B  to  Unit  A 

Number 

1  kc 

2  kc 

3  kc 

1  kc 

2  kc 

3  kc 

(db) 

(db) 

(db) 

(db) 

(db) 

(db) 

1 

0 

-50.0 

-58.0 

0 

-48.0 

60. 0* 

2 

0 

-45.0 

-59.0 

0 

-44.0 

-60.0* 

3 

0 

-48.5 

-55.  5 

0 

-53.0 

-60.0* 

4 

0 

-51.5 

-58.0 

0 

-53.5 

-60.0^ 

5 

0 

-52.0 

-59.  0 

0 

-55.5 

-54.0* 

6 

0 

-48.0 

-59.0 

0 

-51.0 

-60.0* 

7 

0 

-50.  0 

-55.0 

0 

-47.0 

-58.0 

8 

0 

-47.5 

-59.  0 

0 

-46.0 

-58.0 

9 

0 

-49.0 

-57.  5 

0 

-53.0 

-58.0 

10 

0 

-45.0 

-57.  0 

0 

-53.0 

-58.0 

11 

0 

-43.  5 

-55.  0 

0 

-56.0 

-54.0 

12 

0 

-42.5 

-51. 0 

0 

-54.0 

-58.0* 

22 

0 

-50.0 

-53.  0 

0 

-54.0 

-59.0 

24 

0 

-44.5 

-56.0 

0 

-53.0 

-59.0 

*  Limit  of  measuring  technique 
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Table  VH!  AN/TRC-Sb  Multiplex 

Measured  Crosstalk,  A  to 

TEST  CONDITIONS: 

Radio  set  and  multiplex  connected  as  one -hop  system. 

0  dbm  in,  channels  1  through  12,  2-wire,  -3  dbm  out. 

-16  dbm  in,  channels  22  and  24,  -3  dbm  out. 

REFERENCE: 

Philco  Record  Book:  11729 

Sheet:  No.  52 

Date:  August  21,  1962 

TEST  RESULTS:  S /Crosstalk  in  db 


LOADED  CHANNEL  Limit  of 

Measuring 


, 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

22 

24 

Capability 

M 

1 

0 

73 

76 

66 

71 

76 

76 

70 

69 

69 

72 

60 

60 

73 

66 

E 

2 

55* 

0 

56* 

55* 

53* 

53* 

58* 

66* 

68 

67 

63 

68 

67 

72 

72 

A 

3  ■ 

70 

70 

0 

69 

68* 

72 

71 

72 

72 

72 

72 

72 

71 

72 

71 

S 

4 

'  69 

70 

66 

0 

70 

69 

68 

69 

69 

72 

70 

71 

67 

71 

71 

U 

5 

55* 

57 

56* 

56* 

0 

58* 

61* 

56* 

57* 

59* 

56* 

58* 

63* 

64* 

65 

R 

6 

68 

65 

68 

65 

66 

0 

69 

69 

67 

67 

66 

67 

67 

69 

71 

e; 

7  . 

70 

70 

70 

70 

72 

70 

0 

69 

72 

70 

72 

73 

67 

72 

72 

D 

8 

66 

67 

67 

69 

67 

58* 

56* 

0 

49* 

49* 

55* 

49* 

51^ 

52* 

52 

9 

70 

71 

70 

69 

69 

70 

70 

71 

0 

69 

70 

72 

72 

53^ 

73 

C 

10  ■ 

55* 

51* 

52* 

56* 

59* 

69 

69 

69 

67 

59^ 

0 

67 

66 

55^ 

69 

H 

11. 

58^ 

68 

68 

70 

67 

64 

65 

66 

0 

61 

64 

61 

61 

A- 

12 

51^ 

66 

66 

68 

66 

68 

68 

64 

67 

56^ 

56 

0 

53^ 

60 

68 

n' 

22 

52^ 

59* 

56* 

59* 

60* 

56* 

58* 

58* 

59* 

59* 

58* 

56^ 

0 

60 

61 

N 

24 

54* 

55* 

59* 

59* 

62 

67* 

63 

62* 

67* 

67 

67 

62 

0 

67 

E 

L 

^  Denotes  spurious  pickup  (AM  broadcast  stations) 
1  Denotes  reading  which  is  out  of  specification 
#  A  to  B  is  an  arbitrary  unit  designation 
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Table  IX  AN/TRC-56  Multiplex 

Measured  Crosstalk,  B  To  A 


TEST  CONDITIONS; 

Radio  set  and  multiplex  connected  in  one -hop  system. 
0  dbm  in,  channels  1  through  12,  2-wire,  -3  dbm  out. 
-16  dbm  in,  channels  22  and  24,  -3  dbm  out 

REFERENCE: 


Philco  Record  Book:  11729 

Sheet;  No.  53 

Date:  August  22,  1962 

TEST  RESULTS:  S/Crosstalk  in  db 

LOADED  CHANNEL  Limit  of 

Measuring 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

22 

24 

Capability 

M 

1 

0 

69 

68 

72 

71 

72 

60 

64 

61* 

70 

70 

64 

74 

72 

76 

E 

2 

69 

0 

63* 

67 

71* 

67 

63 

63 

67 

66* 

56^ 

65* 

64 

70 

68 

A 

3 

63 

71* 

0 

66 

74 

71 

68 

66 

66 

71 

74* 

74* 

64 

60* 

66 

S 

4 

76 

68 

67 

0 

68 

68 

68 

68 

67 

69* 

64 

69 

69 

74* 

68 

U 

5 

64 

76 

70 

63* 

0 

68 

74* 

74* 

71 

72 

63 

72 

70 

68 

76 

R 

6 

62 

64 

67 

66 

64 

0 

69 

63* 

61 

62 

66 

63 

69* 

67 

71 

E 

7 

74 

72 

71 

74 

74* 

74 

0 

70 

64 

63* 

61 

72 

59^ 

71 

74 

D 

8 

68 

65 

68* 

67 

71* 

69 

67 

0 

71* 

62 

68 

62* 

69* 

74 

9 

73 

67 

64* 

66 

74 

76* 

65 

74* 

0 

68 

67 

74 

72* 

70* 

64 

C 

10 

69 

61 

65 

71* 

65 

63* 

67* 

65 

66 

0 

66 

67 

68 

61 

69 

H 

11 

69 

69 

68 

71 

69* 

62* 

64* 

68 

74* 

66* 

58 

0 

72 

74 

66 

74 

A 

12 

65 

62* 

63 

68* 

65 

60 

60 

60 

59* 

64 

0 

69* 

63 

69 

N 

22 

59^ 

64 

65 

67 

68 

65* 

67 

60* 

61* 

64 

63* 

61* 

0 

61* 

66 

N 

E 

L 

24 

68* 

68* 

60* 

65 

62* 

69* 

70* 

67 

61* 

69 

64 

67 

0 

70 

*  Denotes  spurious  pickup  (AM  broadcast  stations) 


1  Denotes  reading  which  is  out  of  specification 
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2. 


Functional  Description 


a.  General 

The  Transmit-Receive  Assembly  has  two  basic  functions: 

(1)  the  amplitude  modulation  of  channel  information  on  a  given  carrier,  and 

(2)  the  selection  and  demodulation  of  the  information  being  sent  over  the 
channel  from  the  received  baseband  signal.  Requirements  for  low  crosstalk, 
flat  frequency  response,  and  low  harmonic  distortion  determined  the  circuit 
complexity. 


b.  Transmit  Function 

The  transmitter  isolation  transformer  provides  a  balanced- 
line  input.  Resistor  R150  is  used  to  adjust  the  audio  input  level  so  that  differ¬ 
ent  nominal  inputs  can  be  adjusted  for  30-percent  modulation  at  the  reference 
modulator,  after  amplification  in  the  adjustable -gain  amplifier.  (See  Figures 
39  and  40.) 

The  reference  modulator  consists  of  transistors  Q4  and  Q5,  and  is 
driven  by  an  emitter  follower  which  provides  high  input  impedance  and  iso-  . 
lation  for  the  keying  circuit.  With  no  signaling  or  dialing  voltage  being  applied, 
diodes  CRl  and  CR2  are  reverse-biased.  The  positive  voltage  of  the  voltage 
divider,  R22  and  R23,  and  the  bias  voltage  of  Q4  bias  the  diodes. 

During  signaling,  the  positive  keying  voltage  biases  the  diodes  in  a  for¬ 
ward  direction,  a-c  grounding  Q4  base  and  also  saturating  Q4. 

The  reference  modulator  output  passes  through  FLl,  a  bandpass  filter 
centered  at  150  kc.  The  output  signal  of  FL,1  is  amplified  in  the  transmitter 
reference  frequency  amplifier  which  drives  the  transmitter  channel  modulator. 
The  channel  carrier  amplifier  provides  both  channel  modulators  with  a  large 
carrier  signal  to  switch  the  modulator  diodes.  The  output  of  the  transmit 
channel  modulator  is  filtered  by  FL2.  FL2  is  a  bandpass  filter  whose  center 
frequency  is  that  of  the  channel  frequency.  The  common  termination  pad 
matches  filter  FL2  and  provides  isolation  between  channels. 

c.  Receive  Function 

The  combined  received  baseband  signal  is  filtered  by  FL3, 
which  selects  the  desired  channel  frequency.  This  signal  is  then  amplified  by 
the  three  stages  in  the  receiver  channel  frequency  amplifier  which  has  two  nega¬ 
tive  feedback  loops  to  extend  frequency  response  and  ensure  stability. 
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The  receive  channel  modulator  is  the  same  as  the  transmitter  channel 
modulator.  The  product  outputs  of  the  channel  modulator  are  filtered  by  FL4 
which  is  a  150~kc  bandpass  filter.  The  receiver  reference  frequency  amplifier 
enlarges  the  signal  and  drives  a  signaling  driver  and  the  envelope  detector. 

The  signaling  driver  is  used  in  detecting  carrier  "on  and  off"  and  feeds  the 
Signaling  and  Termination  vmit.  The  envelope  detector  consists  of  two  diodes 
and  a  two-stage  amplifier  in  a  negative  feedback  configuration  which  provides 
a  very  low-distortion  detector.  An  emitter  follower  matches  the  detector 
output  to  the  low-pass  filter.  An  adjustable-gain,  three-stage,  negative- 
feedback  amplifier  is  used  as  the  output  audio  amplifier.  The  audio  output 
is  connected  to  balanced  lines  through  an  isolation  transformer. 

3.  Design  Approach 

a.  General 

Channel  performance  of  the  multiplex  is  determined  largely 
by  the  Transmit-Receive  Assembly.  The  specifications  which  influenced  the 
over-all  design  considerations  most  were  crosstalk,  frequency  response, 
level  inputs  and  outputs,  harmonic  distortion,  and  temperature.  Signal  to 
noise,  envelope  delay  distortion,  and  other  specifications  had  less  effect  on 
the  definition  of  the  functional  blocks. 

b.  Initial  Design  Approach 

The  initial  design  approach  used  a  double -modulation  process 
in  the  transmitter,  with  the  audio  amplitude  modulating  a  2500-kc  carrier. 

This  process  was  to  be  repeated  on  each  channel.  Harmonics  of  2500  kc  would 
be  attenuated  easily  by  a  bandpass  filter  with  a  skirt  selectivity  such  that 
audio  distortion  products  which  fell  outside  the  50 -kc  band  allotted  to  each 
channel  would  be  well  attenuated.  A  second  modulation  process  then  would 
mix  the  2500  kc  with  carriers  varied  in  50-kc  steps  to  produce  the  desired 
amplitude  modulated  channel  carrier.  This  approach  rendered  no  undesirable 
products  which  could  not  be  easily  filtered  out,  assuming  good  suppression  of 
carrier  by  the  channel  modulator. 

Several  problems  were  encountered  which  made  the  scheme  unpractical. 
Balance  of  a  channel  modulator  at  2.  5  Me  was  found  to  be  difficult.  Radiation 
at  these  frequencies  demanded  very  efficient  shielding  to  prevent  crosstalk. 
This  would  contribute  much  to  the  over-all  weight.  Manufacture  of  the  desired 
filters  was  not  feasible. 
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c.  Final  Design  Approach 

The  advantages  of  the  double -modulation  scheme  were  still 
to  be  employed,  but  the  reference  frequency  had  to  be  made  lower.  A  refer¬ 
ence  frequency  of  150  kc  was  chosen,  since  a  bandpass  filter  with  sharp  skirts 
could  be  built  at  that  frequency  and  the  harmonics  of  150  kc  could  be  easily 
attenuated.  The  effort  on  the  transmitter  of  the  multiplex  entailed  design  of 
an  adjustable -gain  amplifier,  a  reference  modulator  which  could  be  keyed 
on  and  off,  and  a  channel  modulator  which  balanced  out  the  carrier  and  the 
input.  A  double -modulation  scheme  similar  to  that  in  the  transmitter  of  the 
multiplex  would  also  be  employed  in  the  multiplex  receiver.  The  audio  was 
to  be  obtained  with  synchronous  detector  which  theoretically  would  be  capa¬ 
ble  of  zero-percent  distortion.  A  double -modulation  scheme  was  necessary 
to  bring  down  the  carrier  frequency,  since  control  of  the  phase  of  the  samp¬ 
ling  carrier  would  be  difficult  over  the  entire  channel  spectrum.  Synchronous 
detection  would  take  place  at  150  kc,  and  the  sampling  carrier  would  be  ob¬ 
tained  from  the  signal  being  detected. 

.  Figure  41  is  a  simplified  block  diagram  of  the  intended  Transmitter 
and  Receiver. 

The  150-kc  carrier  from  the  synchronous  detector  would  be  used  for 
signaling  purposes. 

Frequency  response  specifications  were  to  be  met  by  apportioning  to 
the  different  blocks  suitable  response  specifications.  These  were  chosen 
'  such  that,  in  the  worst  case,  with  the  responses  adding  in  the  same  direction 
.the  overall  response  would  still  be  within  the  total  system  specification. 

Little  contribution  of  ripples  and  droops  in  the  response  was  expected  from 
the  amplifiers  or  modulators.  Primarily,  the  frequency  response  was 
dictated  by  that  of  the  filters  within  a  ch2uinel.  Envelope  delay  distortion 
was  to  be  avoided  by  making  all  frequency  responses  as  flat  as  possible  and 
extending  them  beyond  the  pass  band,  where  feasible,  to  avoid  drastic  rate 
of  changes  in  the  phase  response  on  the  edges  of  the  pass  bwd. 

4.  Results 

The  systems  test  results  given  in  Section  A3,  in  many  cases, 
represent  the  total  performance  of  the  Transmit-Receive  Assembly.  Results 
considered  in  this  section  will  not  cover  those  already  illustrated,  but  will 
cover  the  individual  performance  of  the  more  important  functional  blocks  on 
the  Transmit:-Receive  Assembly. 
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The  reference  modulator  used  in  the  transmitter  is  a  carrier- 
driven  switch  which  samples  the  audio  signal  at  a  150-kc  rate.  Such  a 
modulator  inherently  produces  low  audio  distortion  sidebands  about  the 
carrier  frequency. 

An  equivalent  circuit  of  the  modulator  is  «hown  in  Figure  42.  The 
switch  representing  the  transistor  operates  at  the  carrier  rate,  alternately 
connecting  the  input  audio  to  ground  through  100  ohms  and  680  ohms. 
Although  the  modulator  has  very  low  second-  and  third -harmonic  sidebands 
around  the  150-kc  carrier,  the  output  wave  is  rich  in  carrier  harmonics. 
However,  the  150-kc  bandpass  filter  following  the  modulator  attenuates  these 
to  60  db  below  the  first-order  sidebands  about  the  150-kc  carrier. 

Another  equivalent  circuit  which  illustrates  more  clearly  the  modu¬ 
lation  process  is  shown  in  Figure  43.  The  combined  effect  of  the  audio 
signal  and  B+  on  the  switching  transistor  is  shown  as  a  battery  which  varies 
in  voltage  at  an  audio  rate.  For  100 -percent  modulation  the  battery  varies 
in  voltage  from  2  B+  to  0,  being  2  B+  at  the  point  where  the  peak  audio  is 
positive,  and  0  at  the  point  where  the  peak  audio  is  negative.  These  two 
points  are  indicated  as  (1)  and  (2),  respectively,  on  the  output  waveform. 

For  the  case  of  no  audio  input  the  battery  is  constant  at  B+  and  the  output 
consists  of  a  train  of  equal -amplitude  pulses  occurring  at  the  carrier  rate. 

Observation  of  the  output  waveform  shown  in  Figure  43  shows  that  the 
modulator  multiplies  the  audio  signal  alternately  by  "1"  and  "0";  "1"  when 
the  switch  is  open  (transistor  cut  off),  and  "0"  when  the  switch  is  closed 
(transistor  saturated).  To  mathematically  describe  the  modulator  it  be¬ 
comes  necessary  to  find  a  mathematical  expression  describing  the  switching 
function  and  then  multiply  this  function  by  the  input  audio. 

The  mathematical  expression  for  the  switching  function  is  obtained  by 
deriving  the  Fourier  series  expansion  for  a  continuous  train  of  rectangular 
pulses  having  a  peak  pulse  amplitude  of  unity  and  a  repetition  rate  equal  to 
the  carrier  frequency.  The  switching  function  is  found  to  be: 

sin  (nk  r) 

— - -  cos  (n«  t)  (1) 

nk  r  ^ 
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where: 


k 

‘o 

T 


t^/T  (duty  cycle) 

time  duration  of  the  pulse  in  seconds 

time  period  between  pulse  centers  in  seconds 

2  (angular  carrier  frequency  in  radians  per  second) 


Assuming  a  sinusoidal  audio  signal,  the  audio  input  to  the 
modulator  is  given  by: 

^8  =  V  (“m*  +  ®m)  +  ^ 
where:  =  peak  amplitude  of  audio  signal 

Wm  =  angular  frequency  of  audio  signal  in  radians  per  second 

6^  3  arbitrary  phase  angle  of  audio  signal 

C  =  effective  B+  (d-c)  input  to  modulator 

Multiplying  the  switching  function  (Equation  1)  by  the  audio 
input  signal  (Equation  2)  gives: 


jQ  -  kAj^  cos  (wm*  ■  ®m^  +kC  +  2  Ck 
°°  sin(nk  it)  cos 


sin(nkir)coB 


(nw_t) 


+  kA^ 


r: 


n  =  i  nk  n 


n  =  1  nk  ir 

na)ct+  -(wm*  +  e^)j  (3) 


In  Equation  3,  the  first  term  represents  an  audio  output;  the  second 
term,  a  d-c  output;  the  third  term,  carrier  signals  at  the  fundamental  and 
harmonic  frequencies  of  the  switching  carrier;  and  the  fourth  term,  audio 
sidebands  on  either  side  of  the  fundamental  switching  carrier  and  its 
harmonics. 

It  is  noteworthy  that  for  perfect  square  wave  switching,  i.  e.  ,  k  equal 
to  1/2,  all  terms  involving  even  values  of  n  in  the  infinite  series  of  Equation 
3  vsuiish.  This  means  that  the  modulator  output  contains  carrier  signals 
with  audio  sidebands  only  at  the  fundamental  switching  carrier  and  its  odd 
harmonics.  This  output  spectra  is  shown  in  Figure  44,  where  the  carrier 
frequency  is  150  kc  and  the  audio  signal  frequency  is  20  kc. 
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Since  the  switching  function  is  not  an  ideal  square  wave,  a  typical  output 
spectriun  does  contain  some  low-level  even  harmonics. 

Frequency  responses  of  typical  150-kc  bandpass  filters  are  shown  in 
Figures  45  and  46,  illustrating  that  harmonies  of  150  kc  are  attenuated 
by  more  than  70  db. 

Two  of  the  primary  concerns  in  the  development  of  the  channel  mod¬ 
ulator  were  distortion  and  crosstalk.  The  function  df  the  channel  modulator 
is  to  place  the  150-kc  modulated  wave  from  the  150-kc  bandpass  filter  into 
its  proper  frequency  slot,  as  shown  in  Figure  47. 

Figure  48  illustrates  the  crosstalk  problem  which  could  occur  if  the 
channel  modulator  were  improperly  designed  and  simultaneously  (a)  failed 
to  suppress  the  modulating  signal;  (b)  failed  to  suppress  the  channel  car¬ 
rier  and  its  harmonics;  and  (c)  distorted  the  modiilating  signal  and  modula¬ 
ted  these  distortion  products  onto  the  carrier  and  its  harmonics.  In  Figure 
48,  f^2  is  the  150-kc  carrier,  f^^  is  the  audio  signal  modulating  f^^,  and 
f^2  channel  carrier  driving  the  channel  modulator  (assumed  to  be 

200  kc  for  the  example).  Harmonics  of  the  modulating  signal  were  assumed 
to  follow  a  1/n  curve,  where  n  is  the  harmonic  number.  In  Figure  48, 
signals  which  overlap  the  areas  50  kc  ±20  kc  and  350  kc  ±20  kc  represent 
crosstalk  signals  which  cannot  be  eliminated  by  filters. 

Many  balanced  modulators  were  studied,  but  the  ring  modulator  was 
found  to  be  most  satisfactory.  Figure  49  shows  the  two  switching  states  of 
the  ring  modulator  in  a  simplified  drawing.  Assviming  the  modulator  diodes 
to  be  perfect  carrier -driven  switches  and  the  modulator  to  be  perfectly 
balanced,  the  switching  function  performed  by  the  modulator  is  described 
by  the  following  expression: 

_  sin  (nir/2) 

tj(t)  =  y  -  cos  (nW(.2t)  -  1  (4) 

n  =  -  00  n  W  2 

where  ~  angular  frequency  of  the  channel  carrier  in  radians /second. 

The  output  of  the  150-kc  bandpass  filter  is  the  modulating  signal 
input  to  the  channel  modulator  and  is  given  by; 

^m  =  -^c  <«cl*)+  \n  cos  ±  w^tj 
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where: 


Ag  =  peak  amplitude  of  150-kc  carrier 

peak  amplitude  of  audio  sidebands  about  150-kc  carrier 

(^ci=  150-kc  carrier  frequency  expressed  in  radians  per  second 

angular  frequency  of  audio  signal  in  radians  per  second:; 

Multiplying  Equations  4  and  5  together  results  in  the  following 
channel  modulator  output: 


sin  (n  it/ 2) 

■  cos 

n  tt/2 


(nw  t  +  ca  ,t)  + 

c2 


sin{n  it/ 2) 


h'iT/2 


cos 


n  u  t  ± 

L  '2 


'"cl* 


w  t) 
m 


Figure  50  illustrates  this  output  for  n  <  3,  A^,  =  1,  Ajj^  =  0.  5, 

and  w  ’  =2  it  (200  kc). 

c  2  • 

Bandpass  characteristics  of  a  Voice  and  Data  channel  filter  are 
shown  in  Figures  51  through  54,  Channel  separation  resulting  from  the 
channel  filters  is.  seen  in  Figure  55.  The  effect  of  the  double -modulation 
process-  can  be*  seen  by  the  channel  separation  achieved  as  a  result  of  the 
sharper  bandpass  of  the  150-kc  filters.  Figure  56  shows  a  plot  of  three 
typical  150-kc  bandpass  characteristics  removed  50  kc  from  one  another. 

In  the  receiver,  the  channel  filter,  channel  modulator,  and 
the  150-kc  bandpass  filter  are  identical  to  those  in  the  transmitter. 
Sufficient  level  flexibility,  gain,  and  attenuation  tolerances  through 
a  channel  eliminate  the  requirement  for  adjustment  of  levels  on 
any  channel  at  baseband  frequencies^  Demodulation  of  the  AM  modu¬ 
lated  150-kc  carrier  was  found  to  be  impractical  with  a  synchronous 
detector  because  of  reproducibility  problems.  A  novel  circuit 
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was  used  to  envelope  detect  the  signal.  The  circuit  was  piecewise  linear  as 
opposed  to  the  continuous  nonlinearity  of  most  envelope  dhtectors  at  small 
signal  levels . 

Figure  57  shows  a  standard  diode  curve  and  that  of  the  envelope  detector 

used. 


Performance  of  the  envelope  detector  was  extremely  satisfactory.  For 
the  nominal  level  input  at  30-percent  modulation,  the  worst-case  second  har¬ 
monic  distortion  throughout  temperature  range  was  0.25  percent.  Potentially, 
the  envelope  detector  was  capable  of  even  less  distortion;  however,  further 
development  was  not  necessary. 

The  envelope  detector  was  followed  by  a  matching  stage  and  a  low-pass 
filter.  Figures  58  and  59  show  the  responses  of  the  two  low-pass  filters  used. 
The  4-kc  flat  filter  is  used  on  voice  channels,  and  the  20-kc  flat  filter  is  used 
on  the  data  channels.  The  channel  response  is  primarily  limited  by  the  low- 
pass  filters.  The  150-kc  bandpass  filters  are  made  essentially  flat  for  20-kc 
data  usage.  .  The  channel  filters  are  flat  within  1  db  ±  15  kc  about  the  center 
frequency  for  voice  channels,  and  flat  within  0. 3  db  ±  20  kc  about  the  center 
frequency  for  data  channels. 

The  dropout  audio  amplifier  provides  an  adjustable  high-gain  amplifier 
which  can  provide  large  levels  of  audio. 

5.  Practical  Considerations 

The  overall  performance  of  the  Transmit-Receive  Assembly  is 
good.  However,  to  ensure  good  performance,  the  circuitry  is  perhaps  too 
sophisticated.  Elimination  of  the  double  modulation  scheme  on  the  transmit 
side  would  be  possible  if  a  low-distortion  reference  modulator  could  be 
built  at  all  channel  frequencies.  The  channel  separation  that  was  achieved 
was  far  more  than  what  was  found  to  be  required.  The  reference  modulator 
used,  when  tested  at  higher  frequencies,  inserted  out-of -phase  carrier  which 
results  in  distortion  when  the  signal  is  envelope  detected.  These  considera¬ 
tions  should  be  of  prime  interest  from  the  weight  aspect  and  from  the  aspect 
of  simplifying  the  unit.  In  the  receiver,  a  further  reduction  of  circuits 
could  be  accomplished  by  amplifying  the  total  baseband  signal  received  in¬ 
stead  of  amplification  on  a  per-channel  basis.  This,  of  course,  would  re¬ 
quire  design  of  a  receive  baseband  amplifier  which  had  very  good  dynamic 
range.  Further  considerations  could  be  given  to  the  method  of  combining 
the  baseband  output  signals  of  the  transmitters.  The  technique  used  attenu¬ 
ated  the  signal  to  such  a  low  level  that  interference  signals  from  the  AM 
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broadcast  band  were  picked  up.  An  improved  technique  would  also  improve 
the  signal -to -noise  ratio  of  the  channels,  since  it  was  at  this  low  signal  level 
point  that  the  signal-to -noise  ratio  was  determined  by  the  first  transistor  on 
the  baseband  amplifier. 

C.  SIGNALING  AND  TERMINATION  ASSEMBLIES 

1.  Mechanical  Description 

The  Signaling  and  Termination  Assemblies  are  located  on  10  by 
4.  5  inch  printed  boards.  The  switches  which  are  used  to  select  the  different 
options  are  placed  on  mechanical  brackets  and  are  located  so  as  to  economize 
on  board  space.  It  was  because  of  this  reason  that  the  switches  were  not 
located  for  front  access.  A  Signaling  and  Termination  patch  board  is  provid¬ 
ed  for  trouble  shooting.  The  Signaling  and  Termination  patch  board  is  mount¬ 
ed  on  the  Transmit  and  Receive  patch  board  when  not  in  use.  Connectors  on 
the  Signaling  and  Termination  Assembly  are  the  same  as  those  on  the  Trans - 
mit-Receive  Assembly. 

2.  Functional  Description 

The  block  diagrams  of  Figures  63  and  62  show  the  functional 
blocks  in  the  Signaling  and  Termination  Assembly  for  two  modes  of  operation; 

AC  Ringdown  and  E  &  M  Dialing.  Figure  61  shows  the  schematic  of  the  Signaling 
and  Termination  Assembly.  The  connection  or  disconnection  of  certain  blocks 
is  made  by  operating  the  switches  on  the  printed  board.  Switches  1  and  2  pre¬ 
dispose  the  Pulse  Orientator  for  eight  different  types  of  E  &  M  dialing  pulses. 
With  the  dialing  input  connected  to  the  24 -volt  or  48 -volt  input  and  the  switches 
in  their  proper  positions,  the  Pulse  Orientator  delivers  a  13-volt  peak-to- 
peak  square  wave  to  the  keying  circuit  which  turns  the  reference  modulator 
on  and  off  at  the  dialing  rate.  In  the  Pulse  Orientator  circuit,  a  zener  diode 
of  6.2  volts  prevents  false  signaling  from  occurring.  Table  X  shows  the 
different  types  of  dialing  and  switch  positions  for  each.  As  an  example,  for 
the  pulse  shown  in  Figure  60,  the  carrier  should  be  on  and  off  accordingly. 

Table  X  indicates  that  switches  1  and  2  are  in  position  1.  The  +24  volts 
are  connected  to  the  emitter  through  a  resistor  which  turns  ofi  transistor  QI. 
(See  Figures  61  and  62.)  Transistor  Q2  is  then  biased  on  and  turns  the  carrier 
off  at  the  keyer.  When  the  phone  is  off  the  hook,  Ql  is  on  and  Q2  is  biased  off, 
turning  the  carrier  on.  The  carrier  then  is  turned  off  and  on  at  the  dialing 
rate.  After  the  dialing  sequence  has  ended,  the  carrier  remains  on  to  carry 
information.  The  carrier  is  turned  off  when  the  phone  is  replaced  on  the  hook  . 
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Table  X  Switch  Positions  for 
E  tc  M  Dialing 


Plus  Ground 

to  to 

Ground  Plus 

24V  2  1 

48V  2  1 

24V  2  1 

48V  2  1 


Minus 

to 

Ground 

1 

1 

2 

2 


Ground 

to 

Minus 


2 

2 


SW  1 


1 

1 


SW  2 
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On  the  receive  side  of  the  Transmit'Receive  card,  the  150 -kc  carrier  trig¬ 
gers  the  signaling  driver  circuit  on  and  off.  Ideally,  the  signaling  driver 
recognizes  only  the  presence  or  absence  of  carrier  and  is  not  affected  by 
normal  modulation.  At  the  input  of  the  receive  side  of  the  Signaling  and  Ter¬ 
mination  Assembly,  two  diodes  in  parallel  and  a  parallel  tuned  circuit  pre¬ 
vent  false  signaling.  The  first  driver  amplifies  the  150  kc  and  drives  a  low- 
frequency  envelope  detector  which  removes  the  signaling  envelope.  For 
E  &  M  dialing  operation  switches  Sw  4  and  Sw  5  are  placed  in  the  Dial  posi¬ 
tion.  This  connects  the  base  of  Q3  to  the  emitter  of  Q5,  and  the  E  8c  M  relay 
to  the  Q3  collector.  The  signaling  voltage  at  the  emitter  of  Q5  turns  Q3  on 
and  off,  which  energizes  and  de-energizes  the  E  8c  M  relay  at  the  dialing  rate. 

In  AC  Ringdown  operation  the  signaling  sampler  pulses  the  Pulse  Orien- 
'  .tator  on  and  off  at  the  signaling  rate.  (See  Figure  63. )  The  signaling  sampler 
is  inoperative  for  all  voltages  less  than  12  volts  peak.  For  AC  Ringdown 
operation  the  Pulse  Oricntator  sv^ches  1  and  2  are  placed  in  positions  2  and 
1  respectively,  and  switches  4  and  5  are  placed  in  Ring  position.  At  the  re¬ 
ceive  side,  the  carrier  on  and  off  is  detected  at  the  envelope  detector;  how¬ 
ever,  after  passing  through  Q5  the  envelope  is  rectified  and  used  to  turn  on 
the  AC  Ringdown  relay  which  energizes  the  2-wire  line  with  20  cps  from  the 
ringing  supply.  Switches  Sw  4  and  Sw  5  in  the  Ring  position  connect  the  base 
•  of  Q3  tp.the  Emitter  of  Q4,  and  the  AC  ringdown  relay  to  B+20  volts  and  the 
collector  of  Q3.  The  double -detection  method  is  necessary  to  prevent  a  car¬ 
rier  loss  from  turning  on  the  AC  Ringdown  relay. 

.  ( 

Four-wire  to  2 -wire  conversion  is  accomplished  with  a  resistive  hy¬ 
brid.  ■  The  hybrid  was  designed  for  a  16 -db  loss  in  the  transmit  path  and  2  db 
of  attenuation  in  the  receive  path.  A  variable  resistor,  R16,  is  used  to  bal¬ 
ance  the- hybrid  to  the  2-wire  line  impedance.  Coil  L2  balances  out  capacitor 
C2  in  the  2 -wire  line.  Switch  Sw  3  provides  the  option  of  disconnecting  the 
transmit  path  from  the  hybrid  so  that  a  4-wire  configuration  is  made  available. 
The  2-wire  line  input  now  becomes  the  receive  path  of  the  4-wire  line.  The 
signaling  squelch  consists  of  two  circuits  which  protect  the  transformers  2Uid 
their  immediate  circuitry  from  the  large  AC  Ringing  voltage. 

3.  Design  Goals  * 

The  basic  design  goal  of  the  Signaling  and  Termination  Assembly 
was  to  provide  a  unit  which  would  work  with  the  different  standard  signaling 
and  dialing  methods  employed.  The  different  options  were  to  be  provided 
with  no  degradation  of  the  frequency  response,  distortion,  etc.  Balance  of 
the  2 -wire  to  4-wire  hybrid  had  to  be  such  that  echo  attenuation  through  the 
system  was  25  db  or  greater.  The  method  of  signaling  to  be  used  was  the 
turning  on  and  off  of  the  channel  carrier  at  the  signaling  or  dialing  rate. 
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The  problem  then  was  to  design  circuitry  to  program  the  dialing  or 
signaling  voltages  so  that  the  carrier  went  off  and  on  in  a  proper  sequence) 
and  that  the  reception  of  the  on-off  carrier  either  applied  a  20  cps  ringing 
voltage  to  the  2 -wire  line  or  turned  a  relay  switch  on  and  off  at  the  dialing 
rate.  Circuitry  was  also  contemplated  which  would  prevent  oscillation  of 
the  system,  when  the  hybrids  were  unbalanced,  by  squelching  the  receive 
side  from  transmitting  while  signaling  was  taking  place;  and  also  circuitry 
which  would  protect  the  4- wire  inputs  of  the  Transmit-Receive  Assembly 
from  the  large  signaling  voltages. 

4.  Results 

All  the  design  objectives  were  met  except  for  receive-end  squelch¬ 
ing  as  described  in  the  previous  section,  and  satisfactory  operation  of  the  pro¬ 
tective  circuitry.  With  the  hybrids  balanced  to  600  ohms  and  the  receive  and 
transmit  levels  set  to  -6  dbm  and  0  dbm  respectively,  the  worst  case  of  echo 
attenuation  was  34.4  db.  See  Table  V  for  complete  data. 

An  attempt  was  made  to  measure  harmonic  distortion  in  and  out  of  the 
2-wire  line;  however,  the  readings  were  found  to  be  negligibly  small.  The 
frequency  response,  using  the  2-wire  line,  was  almost  flat  throughout  the 
pass  band  and  contributed  only  a  slight  droop  at  the  low-frequency  end. 
Signaling  and  dialing  were  successfully  accomplished.  The  E  M  dialing 
distortion  values  are  given  in  Table  VI.  Although  it  is  not  specified,  the 
dialing  distortion  was  within  common  telephone  practice  specifications.  The 
Signaling  Squelch  circuit  was  put  in  to  protect  the  4-wire  input  and  output  of 
the  Transmit-Receive  Assembly.  Relay  K3  was  to  open  the  2-wire  line  when 
large  signaling  voltages  were  present  so  that  the  on-off  carrier  would  not  be 
modulated  during  its  on  cycle  by  the  ringing  voltage  which  was  divided  down 
by  C2  and  zener  diodes  CR13  and  CR14.  However,  during  systems  test,  it 
was  found  that  relay  K3  was  not  opening  during  signaling.  The  investigation 
was  not  pursued  to  any  length  because  there  was  no  adverse  contributions  to 
system  performance  by  the  carrier  being  modulated  during  its  on  cycle.  The 
Signaling  and  Termination  Assembly  satisfactorily  met  its  design  objectives 
aside  from  the  considerations  discussed. 

D.  CARRIER  GENERATOR  ASSEMBLY 

1.  Mechanical  Description 

The  Carrier  Generator  Assembly  is  contained  in  a  rectangular  box 
in  which  are  located  14  printed  cards.  Coimection  is  made  to  the  various 
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TranBmit-Receive  Assemblies  through  threaded  coaxial  connectors.  A  termi¬ 
nal  board  is  used  on  the  exterior  of  the  package  to  connect  to  +20 V  and  ground. 
There  are  two  banks  of  cards  inside  the  package,  held  in  place  by  the  remov¬ 
able  top  and  bottom  plates.  The  top  bank  of  cards  are  the  harmonic  generator 
and  the  six  3-8tage  filters.  The  bottom  bank  of  cards  are  the  Z-stage  filters. 
Metal  tracks  on  the  inside  of  the  package,  and  the  top  and  bottom  plates  hold 
the  cards  securely  in  place. 

2.  Functional  Description 

The  Carrier  Generator  Assembly  provides  two  groups  of  carriers 
for  modulation  purposes.  Mixed  with  the  150  kc,  the  upper  and  lower  sideband 
products  about  the  low-frequency  group  produce  all  the  channel  carriers  from 
50  kc  to  600  kc, in  50-kc  intervals.  The  high-frequency  group  of  carriers 
mixed  with  150  kc  produce  all  channel  carriers  from  650  kc  to  1 . 2  Me.  Table 

1  shows  the  frequency  plan  for  a  24- channel  multiplex.  All  the  carriers  are 
derived  from  the  harmonic  generator  card  which  consists  of  a  100-kc,  crystal- 
controlled  oscillator  and  a  2-for-l  divider  network.  (See  Figures  64  and  65.) 
The  50-kc  harmonic  generator  circuit  is  driven  by  the  100-kc  signal  from 

the  oscillator  and  produces  two  identical  waveforms  which  are  rich  in  har¬ 
monics.  One  output  drives  the  2-stage,  low-frequency  filter  cards,  the  other 
drives  the  3-stage,  high-frequency  filter  cards.  The  2-stage  filter  cards 
consist  basically  of  two  common  emitter  stages  with  series  tuned  circuits 
connected  from  emitter  to  ground.  The  series  tuned  L-C  sections  are  tuned 
to  the  desired  frequency  by  an  adjustable  capacitor.  At  resonance  the  emitter  ' 
circuit  has  very  low  impedance  and  the  amplifier  stage  has  maximum  gain. 

In  this  fashion,  filtering  and  amplification  are  integrated  into  one  operation. 
The  2-stage  and  3-stage  filter  cards  are  all  capable  of  producing  1-volt  peak- 
to-peak  carriers.  The  3-stage  active  filters  are  the  same  as  the  2-stage  ex¬ 
cept  for  an  additional  stage  and  an  AGC  circuit.  The  additional  stage  is  nec¬ 
essary  because  the  higher  harmonics  are  lower  in  level  and  the  filtering  Q  has 
to  increase  as  the  frequency  becomes  higher.  The  AGC  circuit  was  included 
to  provide  a  stable  amplitude  output  with  respect  to  temperature. 

3.  Design  Goals 

The  design  goals  for  the  Carrier  Generator  were  dictated  by  the 
frequency  plan  and  the  ty^e  of  modulators  to  be  used.  To  avoid  routing  of 
large-level  signals,  the  carrier  generator  outputs  were  set  to  be  1  volt 
peak-to-peak.  Further  amplification  is  made  on  the  Transmit-Receive 
Assembly.  The  basic  requirements  of  the  Carrier  Generator  outputs  are 
amplitude  stability  within  3  db  and  frequency  stability  within  plus  or  minus 

2  cps.  To  meet  the  crosstalk  specifications,  adjacent  carriers  are  attenxiated 
50  db. 
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4. 


Results 


A  suitable  waveform  was  obtained  from  a  divider  circuit  which 
was  rich  in  harmonics.  The  harmonics  of  the  f\indamental  were  found  to  de¬ 
crease  in  amplitude  at  rate  where  n  is  the  number  of  the  harmonic.  Fig¬ 
ure  66  shows  the  spectral  distribution  of  the  waveform.  The  100-kc  crystal 
oscillator  provides  frequency  stability  which  does  not  meet  specifications. 
Undoubtedly,  the  stability  could  be  improved;  however,  the  real  problem  of 
carriers  being  different  in  a  transmitter  and  receiver  is  the  production  of 
unwanted  tones  in  the  channel.  The  frequency  stability  of  the  units  is  such 
that  in  the  worst  case  the  tones  would  be  audible;  but  with  PIA  weighting, 
the  quality  of  the  channel  would  still  be  considered  in  a  qualitative  fashion 
as  being  good.  Worst  case  presupposes  one  equipment  being  in  the  highest 
temperature  environment,  the  other  equipment  being  subject  to  the  lowest 
temperature  environment,  and  the  100-kc  crystals  at  their  worst  possible 
tolerances. . 


The  outputs  of  the  filters  are  adjustable  to  1-volt  peak-to-peak  and  are 
amplitude  stable  within  3  db  over  the  entire  temperature  range.  The  AGC 
circuits  were  found  necessary  to  keep  Stable  the  amplitudes  of  the  higher 
frequency  cards.  The  amplitude  changes  without  the  AGC  were  due  to  the 
.change  of  Q  in  the  L-C  tuned  stages  with  temperature. 

The  attenuation  of  adjacent  carriers  in  the  worst  case  measured  for  two 
Carrier  Generators  was  54  db.  Thus,  aside  from  frequency  stability,  the 
Carrier  Generator  met  its  design  goals.  The  basic  idea  of  producing  a  rich 
harmonic  waveform  and  the  subsequent  filtering  allows  all  the  carriers  to  be 
integrally  related  in  frequency,  and  is  a  relatively  simple  approach  to  the 
problem  of  carrier  generation. 

E.  POWER  SUPPLY  ASSEMBLY 

1 .  Mechanical  Description 

The  Power  Supply  Assembly  is  an  integral  unit  on  which  are 
mounted  the  front  panel  and  three  circuit  boards.  The  three  circuit  boards 
are  the  baseband  amplifier,  the  power  supply  components  boards,  and  the 
metering  and  test  board.  The  front  panel  of  the  Power  Supply  Assembly 
contains  components  which  provide:  adjustment  of  the  20-volt  d-c  level, 
the  1-kc  oscillator  output,  and  the  baseband  amplifier  level  output;  switch¬ 
ing  of  the  equipment  on  or  off  and  selection  of  400  cps  or  50/60  cps  oper¬ 
ation;  d-c  and  a-c  power  indications;  metering  circuit  and  l  -kc 
oscillator  connections;  and  switchable  metering  functions. 
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The  baseband  amplifier  is  wholly  contained  on  the  printed  board.  Room 
for  an  identical  amplifier  was  left  on  half  of  the  board.  Small  components  of 
the  power  supply  were  placed  on  a  circuit  board.  These  components  are  con¬ 
nected  by  point-to-point  wiring.  Metering  and  Test  Facility  components  not 
mounted  on  the  front  panel  are  located  on  the  Metering  and  Test  Facility  print¬ 
ed  boards.  The  heavier  components  of  the  power  supply  are  located  on  the 
bottom  shelf  of  the  assembly  to  lower  the  center  of  gravity.  Transistors  used 
in  the  voltage  regulator,  electronic  filter,  and  400  cps  inverter,  which  handle 
relatively  large  currents,  are  placed  inside  a  blower  duct  mounting  assembly 
on  forced-air,  convection-type  heat  sinks.  This  duct  is  continued  on  the 
bottom  back  of  the  equipment  and  guides  the  air  flow  such  that  the  printed  card 
assemblies  receive  uniform  cooling. 

e 

2.  Metering  and  Test  Facility 
a.  Functional  Description 

The  Metering  and  Test  Facility  provides  a  1-kc  signal  to  enable 
adjustment  of  levels  and  the  balancing  of  hybrids  in  a  channel.  The  1-kc  oscil- 
.  lator  consists  of  a  free-rvuining  multivibrator  whose  frequency  is  controlled  by 
a  resistOr-capacitor  feedback  combination.  (See  Figures  67  and  68.)  The  1-kc 
•signal  is  fed  into  an  emitter  follower  which  drives  a  low-pass  filter,  eliminating 
the  higher-order  harmonics.  An  adjustable -gain  amplifier  after  the  filter  pro- 
•vides'a  variable  amplitude  output.  This  output  can  be  connected  to  the  inputs  of 
a  channel  with  a  patch  cord  provided  with  the  equipment, 

,  ‘  The  Function  Switch,  S3,  of  the  Metering  and  Test  Facility  interconnects 

the  circuitry  so  that  different  levels  of  signal  and  d-c  voltages  can  be  read  on 
the  meter  scale.  In  positions  1  and  2,  Jl,  the  Balanced  Input,  is  connected 
through. an  isolation  transformer  to  either  of  two  matching  pads.  The  matching 
pad  is  connected  to  an  adjustable -gain  amplifier  whose  gain  is  preset  to  give 
proper  meter  accuracy.  The  two  matching  pads  used  in  positions  1  and  2  have 
600-ohm  inputs,  and  one  has  10  db  more  attenuation.  The  d-c  rectifier  which 
follows  the  adjustable -gain  amplifier  converts  all  a-c  signals  to  d-c.  The  d-c 
microampere  meter  is  protected  by  a  diode  so  that  large  levels  would  not  cause 
meter  failure.  The  resistor  configuration  between  the  d-c  rectifier  and  the 
meter  is  necessary  to  ensure  meter  accuracy  over  the  temperature  range. 

In  positions  3  and  5,J2  is  connected  to  the  amplifier.  These  two  connections 
provide  a  sufficiently  high  impedance  so  that  the  points  being  monitored  are 
not  loaded.  Position  4  is  a  meter-off  condition,  and  positions  6  and  7  connect 
the  meter  to  the  two  d-c  voltages  used  in  the  equipment,  through  padding 
resistors . 
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b.  Design  Goals 

The  design  of  the  Metering  and  Test  Facility  is  a  result  of 
the  equipment  specification  requirement  that  all  voltages  requiring  adjustment 
during  operation  shall  be  read  with  an  integral  meter. 

The  equipment  is  designed  for  unattended  operation  after  the  initial 
adjustments  have  been  made.  Periodic  checks  should  be  made  only  to  guaran¬ 
tee  that  failure  or  deterioration  of  a  component  has  not  degraded  the  perform¬ 
ance  of  the  unit.  The  Metering  and  Test  Facility  was  designed  to  aid  in  the 
initial  adjusting  of  the  equipment  and  the  monitoring  of  the  more  important 
voltage  points. 


c.  Results 

The  functions  provided  by  the  Metering  and  Test  Facility  include 

the  following; 


(1)  Monitoring  of  the  20  VDC  and  6.8  VDC  levels  to  check 
the  performance  of  the  power  supply. 

(2)  Setting  of  a  nominal  audio  input  level  to  the  proper  mod¬ 
ulation  index. 

(3)  Balancing  of  the  hybrids. 

(4)  Setting  the  dropout  amplifier  on  the  Transmit-Receive 
Assembly  to  a  given  nominal  output  level. 

(5)  Measuring  of  the  carrier  levels. 

Range  of  the  metering  could  be  extended  to  allow  setting  of  a  wide  range 
of  audio  levels  in  and  out  if  some  redesign  were  to  be  done.  However,  the 
metering  is  sufficient  to  set  the  equipment  to  standard  operating  levels.  The 
frequency  of  the  1-kc  oscillator  used  in  the  initial  adjustments  is  not  rigidly 
controlled,  since  the  pass  band  is  very  flat.  One  monitoring  facility  of  in¬ 
terest  which  was  not  provided  was  the  measuring  of  baseband  in  and  out 
signal  levels.  There  is  no  simple  approach  to  this  task  because  the  baseband 
signal  is  a  composite  of  many  channel  frequencies.  Schemes  which  involve 
switching  all  channels  out  except  one  require  cumbersome  circuitry  and  in¬ 
terruption  of  communications.  These  facts  make  it  undesirable. 
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).  Baseband  Amplifiar 

a.  Functional  Daocrlptlon 

Tha  Baaaband  Ampltflar  coaalita  of  thraa  common- amlttar 
ampliftar  atagaa  to  amplify  tha  combipod  baaaband  aigaal  output  of  tha  ehannala. 
(Saa  Flgura  69 •)  All  thraa  atagaa  hava  aoma  faadback  In  aaeh  amlttar.  Tha 
two  xnain  faadback  loopa  axtand  tha  fraquancy  raaponaa,  with  tha  faadback 
loop  from  Q2  amlttar  to  Q3  amlttar  lowarlag  tha  output  Impadanca  of  tiia 
ampllflar  to  75  ohma  for  proper  matching. 

b.  Oeaign  Goala 

Tha  purpoaa  of  tha  Baaaband  Ampllflar  waa  to  provide  ault- 
abla  amplification  of  tha  combined  baaaband  output  aignal  before  being  con¬ 
nected  to  tha  radio  \init.  Tha  baaic  dealgn  goala  ware  a  20-db  gain  ampli¬ 
fier  with  a  frequency  raaponae  extending  paat  1. 2  Me  and  low  intarmodulation  ' 
distortion. 


c.  Results 

The  amplifier  designed  was  basically  tha  same  as  tha  base¬ 
band  amplifier  in  the  Radio  Receiver  section,  with  some  modifications.  Fig¬ 
ures  70  and  71  show  frequency  response  and  noise-to-noise  readings,  respec¬ 
tively  of  a  typical  unit.  Gain  of  the  amplifier  is  0  to  20  db,  adjustable. 

4.  Power  Supply 

a.  Functional  Description 

The  input  to  the  multiplex  Power  Supply  can  be  connected  to 
a  400-,  a  50-,  or  a  bO-cps,  117-volt  a-c  source.  (Refer  to  Figure  72  and 
the  block  diagram  on  Figure  73.)  Switch  SI  turns  the  supply  on  and  off. 

DSl  is  a  front  panel  light  which  indicates  that  ^a  power  is  on.  CRl  is  a  tran¬ 
sient  suppressor  to  protect  the  circuitry.  Switch  S 2  coimects  either  of  two 
transformer  taps  to  the  input,  depending  on  the  source  frequency.  Trans¬ 
former  T1  has  two  output  windings. 

Output  Winding  6-7  supplies  a-c  voltage  to  a  rectifier  bridge.  The 
d-c  voltage  is  filtered  by  capacitor  C6  and  drives  the  400-cps  inverter 
circuit.  The  400-cps  voltage  at  the  output  of  transformer  T2  powers  blower  ♦Bl. 
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Output  Winding  4-5  supplies  a-c  voltage  to  the  main  d-c  supply.  In 
the  d-c  supply  the  a-c  voltage  is  rectified  in  the  full-wave  diode  bridge  rec¬ 
tifier  and  filtered  by  capacitor  Cl.  Transistors  Ql,  Q2,  and  Q3  are  the 
active  components  of  the  electronic  filter  which  eliminate  most  of  the  remain¬ 
ing  ripple.  The  B+20V  level  is  adjusted  by  potentiometer  R18.  A  change  of 
voltage  at  the  base  of  Q12  causes  a  current  change  through  Qll,  which  turns 
QIO  more  on  or  off.  The  collector  of  QIO  changes  voltage, altering  the  bias 
on  transistors  Q4,  Q5,  and  Q6  through  Q7  and  Q8,  to  regulate  the  d-c  line 
voltage.  The  short-circuit  protection  biases  the  voltage  regulating  transistor 
bank  to  an  open  condition,  to  prevent  failures  due  to  accidental  shorting  of 
the  d-c  output  line.  The  6.8-volt  d-c  output  is  supplied  by  a  voltage -dropping 
resistor  and  a  6.8-volt  d-c  zener  diode. 

b.  Design  Goals 

The  Power  Supply  was  to  provide  the  d-c  voltages  to  power 
all  the  circuits  in  the  multiplex  unit.  Temperature  specifications  and  the 
wide"  range  of  the  power-source  frequency  were  the  important  considerations 
in  the  design  of  the  unit.  Regulation  of  the  d-c  voltages  was  dictated  by  the 
type  of  circuits  in  the  multiplex.  Ripple  and  hum  had  to  be  low  because  of 
the  large  gain  in  the  receive  leg  of  the  channels.  Also,  the  power  supply  had 
to  drive  a  400-cps  blower  to  cool  the  transistors,  to  extend  their  life. 

c.  Results 

In  the  final  testing  of  the  completed  units,  the  ripple  was 
approximately  3  millivolts.  Changes  of  a-c  line  voltage  from  108  volts 
to  132  volts,  at  line  frequencies  of  400  cps  and  60  cps,  resulted  in  a  max¬ 
imum  change  in  the  20- volt  d-c  output  of  0.  04  volt  d-c  in  the  worst  case. 
With  changes  in  temperature,  the  prototype  \uiit  20-volt  d-c  output  did  not 
vary  significantly,  such  that  the  circuitry  in  the  multiplex  would  be  affected. 
Changes  at  temperatures  which  were  at  least  10  degrees  more  extreme  than 
those  which  would  be  encountered  according  to  specifications  were  less  than 
0.45  volt  d-c  for  the  20-volt  d-c  output. 
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SECTION  m 


RADIO 


A.  GENERAL 

The  AN/TRC-56  Radio  is  a  small,  portable,  line -of -sight,  micro- 
wave  equipment  designed  for  field  use  under  extreme  environmental  con¬ 
ditions.  It  is  convertible  for  operation  in  either  of  two  microwave  bands; 
one  from  7.  125  gc  to  8.4  gc,  the  other  from  14.0  gc  to  15.4  gc.  Its 
mechanical  configuration  and  operating  characteristics  make  this  unit  suit¬ 
able  for  use  where  rapid  establishment  of  communications  is  essential.  A 
photograph  of  the  radio  set  is  shown  in  Figure  74. 

1 .  Mechanical  Description 

The  AN/TRC-56  Radio  is  constructed  to  withstand  rugged 
handling  and  environmental  extremes.  The  unit  is  transported  in  two 
parts;  the  tripod,  and  the  radio  package.  The  radio  is  equipped  with  a  set 
of  shock  frames  which  are  used  during  transit;  for  operation,  the  shock 
frames  are  removed  and  the  radio  is  placed  on  the  tripod.  The  tripod  per¬ 
mits  horizontal  and  vertical  scanning,  and  contains  a  leveling  mechanism 
and  azimuth  and  elevation  calibrations. 

.The  side  of  the  radio  unit  containing  all  operational  controls  is  pro¬ 
tected  by  a  metal  cover.  This  cover  is  used  during  transit  or  unattended 
operations;  however,  during  equipment  adjustment  or  attended  operation 
the  cover  is  removed.  The  control  panel  consists  of  two  parts;  the  upper 
section,  hinged  at  the  top,  may  be  opened  to  permit  access  to  radio  assem¬ 
blies;  the  lower  section  is  a  part  of  the  removable  power  supply.  The  con¬ 
trols  pertaining  to  the  power  supply  are  located  on  the  lower  par^  of  the 
control  panel;  all  other  controls  are  located  on  the  upper  part. 

The  radio  consists  of  a  parabolic  antenna  with  replaceable  feed, 
waveguide  assemblies,  transmit  and  receive  klystrons,  the  various  circuit 
assemblies,  and  a  power-supply  assembly. 

The  antenna  feed,  the  klystrons,  and  the  waveguide  assemblies  are 
interchangeable  with  corresponding  units  for  either  the  low-  or  high-fre¬ 
quency  band  of  operation.  The  other  assemblies  are  common  to  both  fre¬ 
quency  bands. 
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All  circuits,  with  the  exception  of  the  two  klystrons,  are  entirely 
solid  state.  High-quality  components,  well  derated  for  operation,  are 
used  throughout.  The  unit  is  cooled  by  two  blowers,  one  mounted  in  the 
power -supply  assembly,  the  other  near  the  two  klystrons.  Protective 
thermostats,  set  to  shut  off  the  power  in  case  of  excessive  temperature 
rise,  are  incorporated.  One  is  located  at  the  power  supply,  the  other  at 
the  klystron;  these  points  are  the  most  critical  in  the  unit. 

All  circuits,  except  the  i-f  preamplifier  and  the  i-f  amplifier,  are 
constructed  on  glass -epoxy  boards  with  point-to-point  wiring.  The  i-f 
preamplifier  is  constructed  on  a  metal  chassis,  while  the  i-f  amplifier  is 
constructed  with  replaceable  printed-board  stages.  All  units  are  sprayed 
for  moisture  and  fungus  resistance. 

2.  Functional  Description 

The  basic  block  diagram  of  the  radio  unit  is  shown  in  Figure 
75.  The  baseband  signal  is  applied  to  a  switch  through  the  input  connector. 
The  switch,  labeled  XMTR  TEST -OPR,  is  set  normally  to  the  operate  posi¬ 
tion,  and  connects  the  baseband  signal  to  the  pre -emphasis  circuit.  The 
pre -emphasis  circuit  may  be  strap -wired  for  transmission  of  television 
signal,  multiplex  signal,  or  completely  bypassed.  The  pre -emphasized 
signal  is  amplified  by  the  transmit  baseband  amplifier  and  applied  to  the 
reflector  of  the  transmitter  klystron.  The  frequency  of  the  transmitter 
klystron  is  deviated  by  the  signal,  resulting  in  FM  modulation.  The  r-f 
signal  from  the  klystron,  passed  through  the  frequency  and  power  monitor 
and  the  isolator,  is  transmitted  by  the  antenna. 

Cross -polarization  of  the  antenna  feeds  permits  the  antenna  to  be 
used  for  both  transmission  and  reception.  The  preselector  filter  passes 
the  received  signal  to  the  mixer-i-f-preamplifier  chassis,  where  it  is 
heterodyned  to  the  70  me  i-f  frequency  and  amplified  by  25  db.  From  the 
preamplifier  the  signal  is  passed  through  the  i-f  amplifier,  where  ampli¬ 
fication,  limiting,  and  detection  take  place.  The  i-f  amplifier  also  contains 
squelch  and  received  carrier  level  monitoring  circuits.  The  baseband  sig¬ 
nal  from  the  i-f  amplifier  is  de-emphasized  and  amplified  in  the  receive 
baseband  amplifier.  It  is  then  connected  to  the  output  connector  through  a 
switch  (RCVR  TEST -OPR). 

The  d-c  component  from  the  output  of  the  i-f  discriminator  is  used 
for  automatic  frequency  control  of  the  local  oscillator.  This  d-c  voltage 
is  applied  to  the  AFC  circuit,  where  it  is  amplified  and  applied  in  series 
with  the  constant  power-supply  voltage  to  the  reflector  of  the  local- 
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oscillator  klystron.  The  frequency  is  adjusted  to  place  the  i-f  signal  in 
the  center  of  the  band,  reducing  the  discriminator  d-c  component  to  a  few 
millivolts.  The  AFC  amplifier  has  sufficient  gain  and  range  to  compensate 
for  the  normal  frequency  drift  of  both  transmitter  and  receiver  klystrons. 

An  order -wire  system  is  incorporated  in  the  radio  to  permit  voice 
communication  between  the  two  radio  sites.  Voice-powered  phones  pro¬ 
vide  signal  to  amplitude -modulate  the  8.5-Mc  order-wire  carrier,  which 
is  generated  whenever  the  push-to-talk  switch  is  depressed.  When  the 
push-to- signal  switch  is  depressed,  the  order-wire  circuit  provides  the 
8.  5-Mc  carrier  modulated  by  a  10-kc  signaling  tone.  The  order-wire 
carrier  is  inserted  into  the  transmit  baseband  amplifier  and  transmitted. 

On  the  receiver  side  of  the  radio,  the  baseband  signal  from  the  i-f 
amplifier  is  coupled  to  the  order -wire  receiver.  This  circuit,  tuned  to 
the  order-wire  carrier  frequency,  amplifies  and  demodulates  the  carrier, 
providing  audio  output  to  the  phones. 

For  initial  adjustment  of  system  gain,  the  input  and  output  switches 
are  set  to  the  Test  position.  A  known  reference  signal  is  applied  at  the 
input,  so  that  the  output  of  the  transmit  amplifier  may  be  monitored  and 
its  gain  adjusted  to  the  proper  level.  After  this  is  done,  the  output  of  the 
receive  baseband  amplifier  is  monitored  and  its  gain  adjusted  for  proper 
system  gain.  Proper  system  gain  depends  upon  the  terminal  equipment  to 
which  the  radio  is  connected. 

The  radio  unit  also  contains  the  power  supply  and  a  metering  circuit. 
The  power  supply  furnishes  all  voltages  necessary  for  radio  operation, 
and  the  metering  circuits  permit  monitoring  of  various  voltages  to  ensure 
proper  operation. 

In  addition,  an  air -flow  control  circuit  is  provided.  During  high 
ambient  temperature  the  air-flow  control  vanes  are  open  and  outside  air 
is  passed  over  the  circuits  for  cooling.  When  the  ambient  temperature 
drops,  the  control  vanes  close  and  the  cooling  air  stream  is  recirculated 
inside  the  unit.  This  system  provides  partial  regulation  of  temperature 
inside  the  unit. 

3.  Design  Goals  and  Test  Results 

The  design  goals  for  the  radio  unit  were  based  on  the 
AN/TRC-56  specifications,  RADC  2562A,  Amendment  7.  Some  of  these 
are  tabulated  in  Table  XI,  together  with  the  results  of  the  tests.  The 
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tests  were  performed  on  two  units,  both  in  the  laboratory  and  in  the  field. 
First,  low -band  r-f  components  were  mounted  into  the  units  for  testing; 
then  these  components  were  replaced  for  high-band  operation.  The  fre¬ 
quencies  used  are  as  follows: 


UNIT  1 

UNIT  2 

Low  Band 

High  Band 

Low  Band 

High  Band 

(gc); 

(gc) 

(gc) ; 

(gc) 

Xmtr 

8.  350 

14. 100 

7.210 

15.300 

L.O. 

7.  140 

15.230 

8.280 

14.030 

The  tests  were  performed  on  individual  units  and  also  on  the  back- 
to-back  connected  system.  No  environmental  system  testing  was  per¬ 
formed;  however,  in  the  design  stage,  all  of  the  subassemblies  went 
through  exhaustive  temperature  testing. 

B.  POWER  SUPPLY 

1.  Mechanical  Description 

The  radio  power  supply  is  built  on  a  reinforced  aluminum 
chassis.  All  of  the  larger  components  are  bolted  to  this  chassis  directly; 
the  smaller  circuit  components  are  mounted  on  two  epoxy-glass  compo¬ 
nent  boards.  The  power  transistors  are  mounted  on  a  tubular  heat-sink 
assembly,  which  is  cooled  with  forced  air.  All  controls  necessary  for 
operational  adjustment  are  located  on  the  front  part  of  the  chassis;  the 
controls  which  require  only  one  initial  adjustment  are  located  on  a  small 
panel  on  top  of  the  vuiit. 

The  power -supply  chassis  slides  into  the  radio  case  on  two  teflon 
strips.  It  is  held  in  position  by  two  heavy  pins  mounted  on  the  radio  case, 
and  by  screws  removable  from  the  outside.  The  front  part  of  the  power- 
supply  chassis  forms  a  part  of  the  radio  control  panel. 

2.  Functional  Description 
a.  General 

The  power  supply  is  designed  to  operate  from  117-volt, 
50-,  60-,  or  400-cp8  line,  and  to  provide  several  d-c  regulated  outputs 
and  a  117 -volt,  400 -cps  unregulated  output.  The  circuit  diagram  of  the 
power  supply  is  shown  in  Figure  86.  Line  voltage  is  applied  to  the  input 
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Table  XI  Table  of  Specifications 


Specification 

Item  Number  Specification  Test  Results 

3.  5.2.  7  Transmitter 


3.  5.2. 7.  1 


3.  5. 2. 7. 2 


3.  5.2.  7.  3 


The  input  impedance  shall  be  Input  Impedance: 
75  ohms  resistive,  unbalanced.  Unit  1,  77  ohms 
The  input  level  shall  be  from  Unit  2,  81  ohms 
0.5  to  2.0  volts  peak. 


The  transmitter  shall  have  a 
minimum  power  output  of  1 
watt  throughout  the  lower  fre¬ 
quency  range,  and  100  milli¬ 
watts  throughout  the  higher 
frequency  range. 


Output  Power: 

Low  Band 
990  mw  at  7.21  gc 
660  mw  at  8.  35  gc 
High  Band 
155  mw  at  14.  1  gc 
280  mw  at  15.  3  gc 


The  minimum  acceptable  1.  1 

deviation  ratio  shall  be  1.0. 


3. 5.2.8 


Receiver 


3.  5.2.8.  1 


3. 5. 2. 8. 2 


The  receiver  shall  have  an 
output  impedance  of  75  ohms. 
The  output  level  shall  be  ad¬ 
justable  from  0.  5  to  2. 0  volts 
peak. 


Output  Impedance: 
Unit  1,  93  ohms 
Unit  2,  87  ohms 
Output  Adjustable 
from  0  to  2.  5  volts 
peak. 


The  receiver  noise  figure 
shall  be  less  than  11  db. 


Noise  Figure: 
Low  Band 

9.  5  db  Unit  1 
10.  5  db  Unit  2 
High  Band 
14.  3  db  Unit  1 
12.  3  db  Unit  2 


Table  XI  Table  of  Specifications  (Continued) 


Specification 
Item  Number 

3.  5. 2.  8.  3 

3. 5. 2. 8. 4 

3. 5. 2. 8. 5 


3.  5.2.  10 

3.6.2.  10.  1 

3.5.2.  10.2 


Specification 


The  receiver  shall  be  equipped 
with  AFC  that  shall  have  a  puli' 
in  range  of  at  least  25  Me. 

The  i-f  discriminator  band¬ 
width  shall  be  20  Me  to  the  3- 
db  points;  less  than  30  Me  to 
the  20-db  points;  and  less  than 
50  Me  to  the  60 -db  points. 

The  receiver  shall  have  suffi¬ 
cient  gain  to  produce  the  maxi¬ 
mum  output  with  full  limiting 
for  an  input  r-f  signal  within 
the  threshold  limitations  of  a 
receiver  having  the  required 
bandwidth. 


System  Performance 
The  following  characteristics 
shall  apply  to  the  transmitter 
and  receiver  when  connected 
back-to-back. 

The  system  shall  have  unity 
gain  ±  5%  in  the  input  signal 
range  of  1. 0  to  2.  0  volts. 

The  amplitude  versus  fre¬ 
quency  response  of  the  system 
shall  be  -0.5  db  from  60  cps 
to  5.  0  Me;  +  1  db,  -  3  db  from 
20  cps  to  7.  5  Me  when  refer¬ 
enced  to  3.  6  Me. 


Test  Results 

AFC  Pull-In  Rauige: 
Low  Band,  i:  12.  5  Me 
High  Band,  i;  12.5  Me 

See  Section  III-E-4 


See  Figures  76,  77 


Adjustable  for  unity 
gain. 

The  measured  fre¬ 
quency  response  is 
±  1  db  from  10  cps 
to  7.  5  Me.  See  Fig¬ 
ures  78,  79.  80,  81. 
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Table  XI  Table  of  Specifications  (Continued) 


Specification 
Item  Number 

Specifications 

Test  Results 

3.5.2.  10.3 

Differential  gain  shall  be  less 
than  1. 0  db. 

Low  Band: 
Unit  1  to  2, 
Unit  2  to  1, 
High  Band: 
Unit  1  to  2, 
Unit  2  to  1, 

0.7  db 
0.2  db 

0.6  db 
-0.  1  db 

3.5.2.  10.4 

Differential  phase  shall  be 
less  than  ±2.0  degrees. 

Low  Band: 
Unit  1  to  2, 
Unit  2  to  1, 
High  Band: 
Unit  1  to  2, 
Unit  2  to  1, 

0.  5° 

0.  5° 

0.4° 

0.75° 

3.  5.2.  10.  5 

The  total  harmonic  distortion 
over  the  system  with  input 
level  of  1.  5  volts  shall  be  less 
than  2.  5  percent. 

Low  Band: 

Unit  1  to  2,  0.  6% 
Unit  2  to  1,  0.  4% 
High  Band: 

Unit  1  to  2,  0.  9% 
Unit  2  to  1,  0.  9% 
at  RF  level  -  80  dbw 
and  input  level  of  1.  1 
volts  peak 

3.5.2.  10.6 

The  carrier -to  noise  ratio  of 
the  system  shall  not  be  less 
than  40  db  with  a  60 -db  path 
loss  inserted. 

Pq  dbw  -  60  db  -  [KTB  +  NF]  db 
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Table  XI  Table  of  Specifications  (Continued) 

Specification 

Item  Number  Specifications  Test  Results 

Low  Band: 

Radio  Unit  1  to  Radio  Unit  Z 

-^db  =  -  1.8  dbw  -  60  db  -  [-  144  +  10  logio  20  +  10.5]  db  s  58.7  db 
Radio  Unit  Z  to  Radio  Unit  1 

-^db  =  0  dbw  -  60  db  -[- 144  +  10  log^Q  ZO  +  9.5]db»  61.5db 

High  Band: 

Radio  Unit  1  to  Radio  Unit  Z 

-§-db  =  -  8  dbw  -  60  db  -  (-  144+  10  log^^  ZO  +  IZ.  3]db  s  50.  7  db 


Radio  Unit  Z  to  Radio  Unit  1 

-^db  =  -  5.  5  dbw  -  60  db  144  +  13  +  14.  3]db  =  51.  Z  db 


For  receiver  noise  characteristics, 
see  Figures  8Z,  83,  84,  and  85 


Power  Consumption 


108  volts  rms  input  - 
IZO  volts  rms  input  — 
13Z  volts  rms  input  - 


400  watts  at  0.8  P.F. 
460  watts  at  0.8  P.F. 
5Z0  watts  at  0.  8  P.F. 


Transmitter  Klystron  Stability 

Low -band  klystron  stability  with 
line  voltage  variation  of  ±  10%  is 
better  than  dbO.  00Z%.  High-band 
klystron  stability  not  measured. 
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Table  XI  Table  of  Specifications  (Continued) 


Specification 
Item  Number 


Specifications 
Order  Wire 

Order-wire  communication  was 
tested  and  found  to  be  of  reason¬ 
able  quality  for  limited  use. 

Antenna  Pattern  -  See  Figure  103. 


Test  Results 
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traniformer  through  fuse  FI.  power  switch  S-1,  interlock  switches  S-2. 
S-3.  and  thermostat  switch  S-5.  The  thermostat  switch  is  normally 
closed;  but  should  the  temperature  in  the  power  supply  rise  as  a  result 
of  overload  or  failure,  the  thermostat  would  shut  off  the  power.  Two 
neon  power  indicating  lamps  and  a  transient  suppressor  diode  (CR54)  are 
connected  across  the  line.  Switch  S-4  is  used  to  obtain  the  same  trans¬ 
former  output  voltages  at  either  50  and  60  or  400  cps.  Each  of  the  sec¬ 
ondary  windings  is  connected  to  a  rectifier  bridge  and  a  capacitor  filter. 

b.  Electronic  Filter 

The  output  of  rectifier  bridge  No.  1  is  applied  through  a 
fuse  to  the  electronic  filter  section.  In  the  electronic  filter,  resistors 
R2  and  R3,  and  capacitor  C2  provide  a  low  ripple  voltage  which  biases 
transistor  Q3.  The  emitter  current  of  Q3  biases  the  power  transistors  Q1 
and  Q2  connected  in  parallel.  Since  the  base  voltage  of  Q3  has  essentially 
no  ripple,  the  emitter  voltage  of  Q3,  and  consecutively  of  Q1  and  Q2,  also 
contains  very  low  ripple. 

Thus,  the  output  of  the  circuit  is  a  low-ripple  d-c  voltage  with  most 
of  the  ripple  components  appearing  across  transistors  Q1  and  Q2.  Varia¬ 
ble  resistor  R3  provides  the  proper  d-c  operating  point. 

When  the  power  is  first  applied,  capacitor  Cl  is  charged  rapidly  to 
its  normal  voltage.  To  prevent  overloading  transistors  QI  and  Q2  when 
the  capacitor  C2  is  being  charged  through  R2  and  R3,  means  must  be  pro¬ 
vided  to  limit  the  maximum  voltage  across  collector  to  emitter  of  Ql  and 
Q2.  This  limiting  is  performed  by  resistor  R40  and  zener  diode  CR5. 
When  power  is  first  applied,  diode  CR5  conducts  until  capacitor  C2  be¬ 
comes  partially  charged;  then  the  diode  is  cut  off  and  normal  operation 
begins. 


c.  High-Voltage  Supply  Regulator 

The  output  of  the  electronic  filter  is  applied  to  a  series 
regulator  which  drives  the  high-voltage  inverter,  and  to  the  series  regu¬ 
lator  which  supplies  the  48  and  24  volts. 

The  series  regulator  for  the  high-voltage  output  consists  of  series 
regulating  transistors  Q4,  Q5,  and  Q6,  regulator  driver  transistors  Q7 
and  Q8,  and  the  reference  and  error  amplifier  circuitry  including  tran¬ 
sistors  Q9,  QIO,  and  Qll. 
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The  regulator  output  is  adjusted  by  variable  resistor  R16.  When  the 
output  is  at  exactly  the  proper  voltage,  the  circuit  is  in  equilibrium;  when 
the  output  tends  to  deviate  from  this  value  the  error  is  sensed,  amplified, 
and  applied  to  the  regulating  transistors  in  proper  polarity  to  decrease  the 
output  error.  This  action  may  be  traced  easily  in  the  circuit.  When  the 
equilibrium  is  established,  all  of  the  circuit  transistors  are  biased  precisely 
to  give  the  proper  output  voltage,  and  the  circuit  is  in  a  static  state.  When, 
because  of  a  line  voltage  change,  the  output  tends  to  increase,  transistor 
Qll  conducts  somewhat  harder.  The  emitters  of  QIO  and  Qll  become  more 
positive.  Since  the  base  voltage  of  QIO  is  fixed  by  the  zener  diode,  tran¬ 
sistor  QIO  conducts  less,  and  its  collector  becomes  more  positive,  driving 
the  base  of  Q9  in  a  positive  direction.  Transistor  Q9  conducts  harder  and 
its  collector  voltage  decreases.  Consequently,  the  bias  of  regulator  tran¬ 
sistors  Q4,  Q5,  and  Q6  is  lowered,  resulting  in  a  decrease  of  the  output 
voltage.  The  output  voltage  thus  remains  essentially  constant,  with  excel¬ 
lent  regulation  achieved  because  of  the  high  gain  of  the  control  circuit. 

d.  High-Voltage  Inverter 

The  output  of  the  regulator  is  applied  to  the  inverter, 
through  inductors  LI  and  L2.  When  the  power  is  first  applied,  resistors 
R18  and  R19  provide  initial  biasing  to  transistors  Q12  and  Q13.  When  cur¬ 
rent  begins  to  flow  through  either  of  the  transistors  (one  transistor  conducts 
somewhat  better  than  the  other,  since  no  two  transistors  are  identical), 
voltage  is  induced  in  the  biasing  winding  (terminals  4,  5,  6),  which  biases 
the  transistors  in  such  a  way  as  to  increase  the  current  and  saturate  the 
transistor  which  conducted  first  and  cut  off  the  other.  The  transformer  is 
designed  so  that  the  core  is  saturated  when  the  transistor  saturates.  Upon 
core  saturation,  the  flux  can  no  longer  increase;  induced  voltage  drops; 
and  the  conducting  transistor  begins  to  cut  off.  With  the  decrease  of  cur¬ 
rent,  the  polarity  induced  in  the  biasing  winding  is  reversed,  cutting  off 
the  previously  conducting  transistor  and  placing  the  second  transistor  in 
saturation.  This  process  continues  and  the  output  becomes  a  square  wave 
whose  frequency  is  determined  by  the  point  of  core  saturation  and  by  the 
applied  voltage.  There  are  two  additional  windings  in  the  transformer,  the 
outputs  of  which  are  rectified,  filtered,  and  applied  to  the  load.  The  pur¬ 
pose  of  inductors  LI  and  L2  is  to  prevent  voltage  spikes,  which  are  gen¬ 
erated  during  the  transistor  switching,  from  being  fed  back  through  the 
regulating  circuits  to  the  other  outputs.  Capacitors  C6  and  C7  prevent 
these  spikes  from  damaging  the  transistors. 

The  output  of  winding  7-8,  rectified  and  filtered,  provides  -730  volts 
with  respect  to  ground.  This  value  is  set  by  adjustment  of  resistor  R16. 
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The  output  of  the  winding  9-10  is  also,  rectified  end  filtered)  sad  provides 
500  volts  dc.  The  positive  side  of  this  output  is  eoimeeted  to  the  -7S0-volt 
terminal  so  that  -1230  volts,  with  respect  to  ground,  is  obtained.  Two 
voltage  adjusting  networks  are  connected  across  the  500-volt  output  to  give 
two  independently  adjustable  outputs,  each  having  a  coarse  and  a  fine  con¬ 
trol. 


e.  24-48  Volt  Supply 

The  output  of  the  electronic  filter  is  also  connected  to  the 
48-volt  series  regulator  circuit.  0l5  is  the  regulatiag  transistor,  016  is 
the  driver,  and  Q17,  together  with  the  associated  resistors  and  sener  diodes, 
is  the  reference -setting  and  error -amplifier  circuit.  The  voltage  across 
sener  diode  CR34  is  used  as  a  reference  and  also  as  the  24-volt  output. 

f.  Short-Circuit  Protection 

Short  circuit  protection,  which  cuts  off  the  regulating  tran¬ 
sistor  Q15  whenever  a  shorting  condition  exists,  is  provided  to  the  48-volt 
regulating  circuit.  In  normal  operation  the  voltage  at  the  collector  of  Q14 
is  only  about  1.  5  volts  above  its  emitter  (emitter  is  at  48  volts).  Capacitor 
CIS  is  charged  through  resistor  R54  to  approximately  43  volts,  which  is 
determined  by  sener  diode  CR31.  The  capacitor  is  connected  to  the  base 
of  Q14  through  resistor  R55  and  diode  CR32.  Normally  the  transistor  is 
in  the  cutoff  condition  and  has  no  effect  on  the  regulating  circuit.  However, 
when  a  short  occurs,  the  output  voltage  drops,  causing  014  to  conduct. 

With  Q14  conducting,  the  base  voltage  of  Q16  decreases,  lowering  further 
the  output  voltage.  This  process  continues  until  Q14  is  saturated  and  Q15 
is  cut  off.  Once  the  short  circuit  protection  has  been  triggered,  it  will  keep 
the  48  -volt  output  shut  off.  To  return  the  regulator  to  normal  operation 
(after  the  short  has  been  removed),  the  power  must  be  shut  off  (permitting 
capacitor  C15  to  discharge),  and  then  reapplied. 

g.  Filament  and  90 -Volt  Supplies 

Rectifier  bridge  No.  2  is  connected  to  a  regulating  circuit 
to  provide  the  90 -volt  output  and  rectifier  bridge  No.  4,  with  its  regulators, 
provides  the  6.  3 -volt  filament  outputs.  The  regulator  circuits,  although 
somewhat  different  in  appearance,  are  essentially  the  same  in  operatioh  as 
described  above. 
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h.  400  CPS  Inverter 


The  filtered  output  of  rectifier  bridge  No.  3  drives  the 
400-cpt  inverter.  Operation  of  this  inverter  is  identical  to  the  1-kc  in* 
verier  described  above.  One  secondary  winding  of  the  inverter  provides 
117-volt,  400-cps  square  waves  to 'drive  two' blowers,  oneMn  the  power 
supply,  one  external.  The  other  winding  provides  a  60-volt,  peak-to- 
peak  square  wave,  which  when  clipped  and  adjusted  to  proper  level,  is 
used  as  a  reference  signal  in  the  radio  unit. 

3.  Test  Results 


The  following  results  were  obtained  with  all  the  power  supply 
outputs  loaded,  and  with  a  line  variation  of  ±  10  percent. 


1 .  2 4  ±  0 .  0 1  volt 8  at 

2.  48  db  0.  01  volts  at 

3.  90  ±  1 . 2  volts  at 

4.  6  ±  0.  07  volts  at 

5.  6  ±  0.  07  volts  at 

6.  -730  ±0.3  volts  at 

7.  -500  ±0.2  volts  at 

Line  current  a  4.8 


125  ma,  with  spikes; 
340  ma,  with  spikes; 
55  ma,  with  spikes; 
1.2  amp,  with  spikes; 
1.2  amp,  with  spikes; 
150  ma,  with  spikes; 

0  ma,  with  spikes; 

amp.  at  120  volts  rms 


60  mv  peak -to -peak 
120  mv  peak-to-peak 
30  mv  peak-to-peak 
60  mv  peak-to-peak 
60  mv  peak-to-peak 
80  mv  peak-to-peak 
80  mv  peak-to-peak 

60  cps 


The  spikes  were  of  a  very  short  duration  (several  microseconds) 
with  repetition  rates  of  400  cps  and  1  kc.  The  ripple,  in  all  cases,  was 
so  low  as  to  be  insignificant  in  comparison  to  the  spikes. 

Except  for  the  spikes,  which  are  the  result  of  layout  and  w'irc  cabling, 
the  power  supply  performs  well.  No  failures  occurred  during  the  tests,  as 
a  result  of  component  overstresses  in  normal  operation.  The  few  failures 
that  did  occur  were  a  direct  result  of  abnormal  conditions  imposed  by  the 
test  personnel. 


C.  TRANSMIT  BASEBAND  AMPLIFIER 


1.  Mechanical  Description 

The  transmit  baseband  amplifier  is  constructed  on  an  epoxy¬ 
glass  component  board,  using  point-to-point  wiring.  Transistor  heat  is 
dissipated  by  convection-type  heat  sinks,  so  the  unit  can  operate  through 
the  full  temperature  range  with  good  reliability.  Electrical  connections 
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are  made  through  a  permanently  attached  cable,  with  the  exception  of  the 
input  signal  for  which  a  coaxial  connector  is  provided.  All  components 
are  readily  accessible:  for  trouble  shooting  or  replacement.  The  unit  is 
attached  to  the  radio  case  by  mounting  screws  and  may  easily  be  removed 
for  maintenance. 

2.  Functional  Description 

The  transmit  baseband  amplifier  amplifies  an  input  baseband 
signal  to  a  level  sufficient  to  directly  frequency  modulate  the  transmit 
klystron.  It  has  an  adjustable  gain  and  wide  frequency  response  to  facili¬ 
tate  its  use  with  various  signal  sources.  It  also  has  good  linearity,  inter¬ 
modulation,  differential  gain,  and  differential  phase  characteristics. 

The  circuit  diagram  of  the  transmit  baseband  amplifier  is  shown  in 
Figure  87.  The  amplifier  consists  basically  of  three,  two-stage  amplifier 
sections  connected  in  cascade.  Each  of  the  sections  contains  a  negative 
feedback  loop,  which  connects  the  collector  of  the  second  transistor  to  the 
emitter  of  the  first.  This  feedback  arrangement  lowers  the  output  imped¬ 
ance,  while  increasing  the  input  impedance.  The  configuration  of  the  sec¬ 
tions  is  well  suited  for  cascading,  since  no  appreciable  amount  of  interac¬ 
tion  results  between  them. 

This  configuration  was  adopted  for  the  final  design  after  considerable 
investigation  of  different  approaches.  The  main  difficulty  encountered  in 
design  was  the  simultaneous  requirement  of  very  flat  frequency  response, 
very  good  linearity,  and  very  small  differential  gain  and  differential  phase. 
Two  of  the  requirements  were  relatively  easy  to  obtain;  however,  when  an 
attempt  was  made  to  improve  performance  at  the  third,  one  of  the  first  two 
was  degraded.  The  adoption  of  the  above  described  approach  made  it  pos¬ 
sible  to  meet  all  requirements. 

The  baseband  input  signal  is  applied  to  the  first  amplifier  section 
through  the  gain-adjust  potentiometer.  The  signal,  amplified  by  approxi¬ 
mately  1 1  db  in  this  section,  is  coupled  to  the  second  section  through  a 
series  peaking  coil.  The  order-wire  carrier  is  also  applied  to  the  input 
of  the  first  section;  however,  because  of  isolating  resistor  R3,  its  ampli¬ 
fication  through  the  circuit  is  virtually  independent  of  the  potentiometer 
setting.  The  second  section  further  amplifies  the  signal  by  an  additional 
12  db,  and  its  output  is  coupled  to  the  last  section.  The  first  two  sections 
are  powered  by  the  48 -volt  supply,  which  is  common  to  several  radio  cir¬ 
cuits.  Capacitors  C20  and  C22,  and  resistor  R49  provide  isolation  from 
these  circuits. 
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The  third  section  amplifies  the  signal  by  approximately  8  db.  The 
maximum  output  is  26  volts  peak  to  peak.  To  obtain  this  output  level,  a 
90-volt  power  source  is  used.  Resistor  R50  and  capacitor  C21  serve  to 
remove  any  stray  signals  picked  up  on  the  power  line,  as  well  as  to  lower 
the  apparent  power-supply  impedance  at  high  frequency  (lead  Inductance). 

The  klystron  reflector  d-c  voltage  source  is  connected  to  the  output 
of  the  amplifier  through  resistor  R46.  Clamping  diode  CRl,  connected  be¬ 
tween  the  output  of  the  amplifier  (klystron  reflector)  and  the  -730-volt 
klystron  cathode  supply,  provides  protection  for  the  klystron  in  case  the 
reflector  supply  voltage  is  lost.  The  diode  is  normally  reverse -biased, 
but  with  the  loss  of  the  reflector  supply  the  diode  starts  to  conduct,  clamp¬ 
ing  the  reflector  at  the  cathode  voltage.  This  action  prevents  the  klystron 
from  being  damaged. 

During  the  design  of  the  amplifier,  special  emphasis  was  made  to 
ensure  proper  operation  with  random  selection  of  all  components. 

3.  Design  Goals 

The  following  design  goals  were  set  for  the  transmit  baseband 

amplifier; 

Input  Impedance 
Output  Impedance 
Output  Load 


Voltage  Gain 
Dynamic  Range 
Frequency  Response 


75  ohms  5% 

Unspecified 

50k  resistive,  paralleled  by 
25p<if 

Adjustable,  11  to  31  db 
21  volts  peak-to-peak  min. 
aO.  1  db  from  60  cps  to  5  Me 
+  0.  3 

^  Q  db  from  20  cps  to  7.  5  Me 
referenced  to  3.6  Me 
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Interm odulation  Distortion 
Differential  Gain 
Differential  Phase 
Operating  Temperature 


53.  5  db  noise -to -noise  ratio* 
Less  than  0.  2  db  ** 

Less  than  0.  2°  ** 

-54°  C  to  +  75°  C 


*  Using  a  random  noise  signal  covering  60  kc  to  1200  kc  at  2.  35  volts 
rms  at  the  amplifier  output,  pre -emphasized  in  accordance  with 
CCIR  Recommendation  No.  275 


**  Measured  with  Kelly  Test  Set  with  amplifier  output  level  of  6.  25 
volts  peak  to  peak  at  15  kc,  and  3.  2  volts  peak  to  peak  at  3.  58  Me. 

4.  Test  Results 


The  following  results  were  obtained  in  the  testing  of  one  of  the 

final  units: 


Input  Impedance 
Output  Load 

Voltage  Gain 
Dynamic  Range 
Frequency  Response 

Interm  odulation  Distortion 
Differential  Gain 
Differential  Phase 
48 -volt  d-c  current  drain 
90 -volt  d-c  current  drain 


83  ohms 

50k  resistive  paralleled  by 
Z5  ixfif 

Adjustable  to  31  db 

26  volts  peak  to  peak 

±0.  1  db  from  60  cps  to  5  Me 

^  db  from  20  cps  to  9.  5  Me 

-1.0 

referenced  to  3.  6  Me 
62  db  noise -to -noise  ratio 
0.  I  db 
0.  15° 

67  ma 
35  ma 
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The  frequency  response  curve  is  shown  on  Figure  88.  The  small 
peaking  at  low  frequency  can  be  eliminated  by  minor  changes  in  capacitor 
values.  In  general,  this  design  has  well  met  the  established  goals. 

D.  I-F  PREAMPLIFIER 

1.  Physical  Description 

The  AN/TRC-56  preamplifier  is  made  up  of  three  stages  of 
2N1742  germanium  transistors.  The  complete  unit  is  packaged  in  a  4-1/2" 
by  1-1/2"  by  1-3/8"  chassis  and  is  intended  to  mount  directly  to  the 
AN/TRC-56  Receiver -Mixer  leg  by  plugging  the  unit  into  the  mixer  crystal 
contact.  Sturdy  mounting  is  accomplished  by  fastening  the  unit  to  the  wave¬ 
guide  with  10  screws.  Twq  covers  are  provided  and  can  be  removed  for  the 
purpose  of  trouble  shooting  without  disconnecting  the  preamplifier  from  the 
mixer  leg.  Power  is  supplied  by  a  3 -wire  cable.  One  lead  is  for  ground, 
one  is  for  +24  volts  dc  at  approximately  7  ma,  and  the  other  is  for  monitor¬ 
ing  the  mixer  crystal  current.  The  i-f  signal  input  is  obtained  by  means  of 
a  teflon  tip-jack  and  makes  contact  to  the  crystal  i-f  output  when  the  unit  is 
plugged  to  the  mixer  leg.  I-F  output  from  the  preamplifier  is  provided  by 
means  of  an  RG-55/U  cable  permanently  attached.  An  i-f  test  jack  (J-1)  is 
provided  for  the  purpose  of  aligning  the  preamplifier  or  other  associated 
i-f  circuitry. 

2.  Design  Goals 

Certain  requirements  to  be  met  were  dictated  by  the  specifica¬ 
tions  set  forth  in  RADC  2562A.  The  specifications  affecting  the  i-f  pream¬ 
plifier  are  the  receiver  noise  figure,  i-f  bandwidth,  and  center  frequency. 

So  that  a  receiver  noise  figure  of  10.  5  db  could  be  met,  an  i-f  noise  figure 
of  approximately  3.  5  db  was  selected.  The  temperature  environment  to  be 
encountered  in  this  equipment  would  dictate  the  desirability  of  silicon  tran¬ 
sistors.  However,  a  survey  was  made  and  none  could  be  found  with  a  low 
enough  noise  figure  to  even  warrant  their  use.  In  the  final  analysis,  a 
Philco  2N1742  germanium  transistor  was  decided  upon.  From  this  tran¬ 
sistor,  a  noise  figure  of  approximately  3.  5  db  could  be  anticipated.  To 
overcome  any  problems  which  might  be  encountered  in  bandwidth  and  center- 
frequency  variations,  it  was  decided  to  take  the  approach  of  wideband  am¬ 
plifier  stages  followed  by  a  bandpass  filter  circuit  which  would  not  be 
affected  by  temperature  changes.  In  determining  the  design  objective  for 
the  over-all  preamplifier  gain,  it  was  decided  to  strive  for  a  target  gain  of 
about  20  to  30  db.  With  this  amount  of  gain,  it  was  felt  that  the  level  would 
be  sufficient  to  overcome  any  possibility  of  external  i-f  interference  and 


Internal  noise  in  early  stages  of  the  i-f  annplifier,  and  provide  sufficient 
isolation  between  the  mixer  and  high-level  stages  of  the  i-f  amplifier. 

3.  Functional  Description 

The  schematic  diagram  of  the  AN/TRC-56  low -noise  i-f  pre¬ 
amplifier  is  shown  in  Figure  89.  The  preamplifier  consists  of  the  following: 

a.  A  broadband,  single -tuned  network  centered  arotmd  70 Me, 
which  serves  as  the  i-f  load  for  the  mixer  crystal  and  input  network  for  the 
first  stage  of  the  preamplifier. 

b.  A  low -noise  transistor  amplifier  (Philco  2N1742)  followed 
by  a  single -tuned  configuration  (approximately  20  Me  wide).  Neutralization 
for  this  stage  is  achieved  by  coupling,  the  signal  at  the  collector  back  to  the 
base  by  means  of  the  bifilar -wound  coil  in  the  collector  through  the  0.  75  pf 
coupling  capacitor.  The  coil  acts  as  a  1:1  transformer,  and  the  couplipg 
capacitor  simulates  the  collector -to -base  capacity  which  is  approximately 
0.75  pf.  The  bifilar  coil  output  is  properly  phased  so  the  returned  neutral¬ 
izing  signal  will  cancel  the  internal  collector -to -base  feedback  signal. 

c.  A  second  wideband  i-f  amplifier  (also  a  2N1742).  In  this 
amplifier,  shunt  resistive  feedback  exchanges  gain  for  bandwidth,  with  a 
series  inductance  to  peak  the  high-frequency  response.  The  low-frequency 
response  is  dependent  on  the  size  of  coupling  and  emitter  bypass  capacitors. 

d.  A  cable  driver  stage  which  is  also  a  wideband  amplifier  and 
employs  a  2N1742.  This  is  a  relatively  low -impedance  output  stage  (about 
100  ohms)  which  drives  approximately  2  feet  of  50-ohm  cable  terminated  in 
50  ohms.  No  adverse  effects  are  experienced  with  this  mismatch,  since 
the  cable  length  is  relatively  short. 

4.  Results 

The  breadboard  model  was  designed  and  built  with  the  approach 
described  above  and  produced  satisfactory  results.^ 

t 

The  measured  noise  figure  of  the  initial  breadboard  was  4.  5  db. 

This  figure  was  obtained  when  a  matching  transformer  was  used  to  provide 
a  match  between  the  crystal  i-f  resistance  and  the  optimum  noise  resistance 
of  the  preamplifier.  It  was  later  discovered  that  the  measurement  tech¬ 
nique  of  the  crystal  and  i-f  resistances  was  in  error.  After  correct  meas¬ 
urements  of  crystal  and  i-f  resistances  of  290  and  130  ohms  respectively, 
a  noise  figure  of  3.  7  db  was  obtained  when  both  sources  were  matched. 
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However,  it  was  found  that  some  mismatch  can  be  tolerated  without  seri¬ 
ously  deteriorating  the  noise  figure  of  the  preamplifier.  Hence,  the  pre¬ 
amplifier  input  network  is  a  single  -tuned  network  with  no  facility  for 
tuning  (since  it  is  broadband  due  to  the  shunting  effect  of  the  crystal  and 
transistor  resistances)  and  results  in  a  degraded  noise  figure  of  only  3.  8  db. 
The  breadboard  preamplifier  was  tested  in  an  r-f  test  setup  in  the  range 
of  7.  0  gc  and  the  measured  receiver  noise  figure  was  10.  25  db. 

The  over -all  i-f  bandwidth  of  the  breadboard  preamplifier  was  20 
Me  to  the  -3  db  points,  centered  at  70  Me.  One  control  is  provided  for 
some  adjustment  of  the  bandpass,  but  its  range  is  limited  since  it  is  in  a 
low-Q  tuned  circuit.  This  control,  however,  has  some  desirable  effects 
in  adjusting  for  minimum  differential  phase  of  a  color  TV  subcarrier  with¬ 
out  appreciably  affecting  bandpass  characteristics.  Over-all  gain  of  the  3- 
stage  preamplifier  was  25  db  with  a  ±2-db  variation  over  the  temperature 
range . 

Four  preamplifiers  were  built  in  the  lab  and  one  was  subjected  to 
the  necessary  tests.  These  tests  were  performed  in  a  screen  room  with 
a  typical  system  setup;  i.  e. ,  with  all  r-f  plumbing,  klystrons  (Tx  and 
L.O. ),  i-f  amplifier  and  video  amplifiers,  etc.  Tests  were  made  with  the 
low-  and  high-band  xf  and  all  tests  met  specifications.  The  receiver 
noise  figure  with  this  unit  measured  8.  5  db  in  the  low  band  and  11.2  db  in 
the  high  band.  This  particular  preamplifier,  when  tested  in  the  first 
AN/TRC-56  radio  unit,  gave  a  noise  figure  of  9.  5  db  in  the  low  band  and 
12.  3  db  in  the  high  band.  The  second  preamplifier  had  a  receiver  noise 
figure  of  10.  5  db  in  the  low  band  and  14.  3  db  in  the  high  band  when  incor¬ 
porated  with  the  second  AN/TRC-56  radio  unit.  It  is  conceivable  that  the 
higher  receiver  noise  figures  obtained  with  the  high  band  setup  is  due  to 
noisy  klystrons  and  higher  conversion  loss  of  the  crystal  mixer. 

E.  I-F  AMPLIFIER 

1.  Physical  Description 

The  i-f  amplifier,  when  used  in  conjunction  with  the  AN/TRC-56 
i-f  preamplifier,  supplies  the  necessary  demodulated  video  signal  at  75 
ohms  impedance  and  contains  circuitry  to  operate  the  AFC,  carrier  level 
monitor,  and  squelching.  A  special  bandpass  filter  is  incorporated  as  an 
integral  part  to  achieve  the  desired  i-f  selectivity.  All  circuitry  making  up 
the  i-f  is  a  combination  of  printed  cards  and  point-to-point  wiring.  A 
BNC-type  jack  is  provided  for  the  i-f  input  (J-1)  and  has  a  50-ohm  imped¬ 
ance.  The  output  connector  (J-2)  is  also  a  BNC-type  jack.  The  amplifier 


is  housed  in  a  5-1/8"  by  11-3/4"  by  1-1/8"  chassis.  The  printed-card 
stages  are  assembled  into  the  chassis  by  sliding  each  one  into  its  proper 
slot  and  then  making  the  interconnections  by  means  of  point-to-point 
wiring.  Controls  which  are  brought  out  and  made  available  at  the  top  of 
the  chassis  are  the  squelch  level  adjust,  carrier  level  indicator  adjustment, 
and  all  controls  necessary  to  adjust  the  i-f  discriminator.  Power  to  the 
unit  is  supplied  by  a  5 -wire  cable.  One  lead  is  for  ground,  one  for  -f  24 
volts  dc  at  100  ma,  one  for  the  AFC  signal,  one  for  monitoring  squelch, 
and  the  other  for  monitoring  the  received  carrier  level. 

2.  Functional  Description 

A  schematic  diagram  of  the  i-f  amplifier  is  shown  in  Figure  90. 
The  i-f  amplifier  consists  of  the  following: 

a.  In  the  main  i-f  section,  a  first,  second,  and  third  i-f  am¬ 
plifier  utilizing  2N 1742' s  which  are  wideband  amplifier  stages.  In  these  am¬ 
plifiers  shunt  resistive  feedback  exchanges  gain  for  bandwidth,  with  a  series 
inductance  to  peak  the  high-frequency  response.  The  low-frequency  re¬ 
sponse  of  these  amplifiers  is  dependent  upon  the  size  of  coupling  and  emitter 
bypass  capacitors. 


b.  A  20-Mc  bandpass  filter,  consisting  of  lumped  constant-k 
sections,  which  is  preceded  and  followed  by  150 -ohm  T-pads  to  isolate  the 
impedance  variations  of  the  i-f  amplifier. 

c.  Eight  additional  wideband  i-f  amplifiers  as  in  a.  above. 
The  first  seven^employ  2N1742's,  and  the  eighth  employs  a  2N834. 


d.  A  discriminator  driver  stage. which  employs  a  2N834  to 
supply  the  necessary  gain  aiid  power  for  the  discriminator  circuit. 


e.  A  discriminator  circuit  which  has  component  parts  on  both 

a  printed  card  and  the  i-f  chassis.  The  variable  components  of  the  discrim¬ 
inator  are  those  which  are  mounted  to  the  chassis  and  are  the  Symmetry, 
Linearity,  and  Crossover  controls. 

f.  A  two-stage  baseband  amplifier  section  following  the  dis¬ 
criminator.  The  first  stage,  which  is  on  its  own  printed  card,  uses  a  2N706. 
This  stage  is  a  conventional  class-A  amplifier  which  has  the  negative 


52 


feedback  signal  inserted  at  its  unbypassed  emitter.  The  second  or  output 
stage,  which  is  also  on  its  own  printed  card,  uses  a  2N1613.  The  negative 
feedback  signal  is  derived  at  its  collector.  The  correct  amount  of  feed* 
back  for  obtaining  proper  over -all  gain  auid  output  impedance  is  determined 
by  the  point  at  which  this  signal  is  derived.  This  is  accomplished  by  a  re¬ 
sistance  divider  network  in  tne  collector  of  the  output  stage.  The  output 
signal  is  capacitive  coupled  to  output  jack  J-2,  by  paralleling  two  120 -pf 
capacitors. 


g.  Four  stages  of  tuned  i-f  amplifiers  employing  2N834's. 

The  input  to  this  amplifier  chain  is  derived  from  the  preamplifier  output  by 
paralleling  it  with  the  input  of  the  main  i-f  amplifier  section.  These  am¬ 
plifier  stages  are  also  on  individual  printed  cards.  The  stages  employ 
double -tuned,  transitionally  coupled  interstage  networks  with  a  resulting 
over-all  bandwidth  of  approximately  20  Me  and  over-all  gain  to  the  detector 
of  about  45  db.  Neutralization  is  used  in  every  stage  by  paralleling  the 
collector -to -base  capacitance  with  a  coil.  Each  interstage  network  contains 
a  variable  capacitor  in  the  primary  and  secondary  for  aligning  the  bandpass. 

h.  A  detector  card  consisting  of  two  detector  circuits.  One 
detector  is  half-wave,  employing  the  1N914,  whose  rectified  intermediate 
frequency  is  used  to  monitor  received  carrier  level.  The  other  detector 
is  wired  in  a  voltage -doubler  fashion  and  utilizes  two  1N914  diodes;  its 
rectified  i-f  is  applied  to  a  2N1613  emitter  follower,  also  on  the  same  card. 
The  emitter -follower  output  dc  triggers  the  squelching  circuit. 

i.  A  card  containing  the  squelch  circuit,  which  is  a  Schmitt 
trigger  utilizing  two  2N706  transistors.  The  output  voltage  of  the  squelch 
circuit  is  applied  to  the  bases  of  the  last  two  i-f  amplifiers  in  the  main 
i-f  section. 

3.  Design  Goals 

Because  of  the  wide  temperature  environment,  it  was  decided 
that  the  best  approach  to  the  design  of  the  i-f  stages  would  be  the  wideband 
amplifier  approach  as  used  in  the  i-f  preamplifier.  To  achieve  the  desired 
i-f  bandpass  characteristics,  a  bandpass  filter  was  incorporated.  Specifi¬ 
cations  regarding  the  filter  were  set  as  follows: 

1.  Center  Frequency  -  70  me  nominal 

2.  Input  and  Output  Impedance 


150  ohms  nominal 


3. 

Ripple 

-  0.  5  db  max. 

from  64  Me  to  76  Me 

4. 

Insertion  Loss 

-2  db  max. 

from  64  Me  to  76  Me 

5. 

Bandwidth 

-  Reference: 

70  Me 


Response: 

-  3  db  max.  at  60  and  80  Me 
-20  db  min.  at  55  and  85  Me 
-60  db  min.  at  45  and  95  Me 

6.  Phase  Linearity  -  0.4  deg.  per  Me  for  70  Me  to 

±5  Me. 

The  over-all  gain  neeessary  to  achieve  limiting  in  the  last  i-f  stage  would 
be  from  90  to  100  db.  It  was  decided  to  utilize  10  wideband  stages  with 
2N1742's,  one  wideband  stage  with  a  2N834,  and  a  limiter -discriminator 
driver  stage  with  a  2N834.  The  last  two  stages  were  required  to  handle 
and  deliver  power;  therefore,  the  choice  of  the  silicon  2N834  was  made. 

Since  a  high  degree  of  linearity  was  desired,  it  was  decided  to  utilize  a 
phase  discriminator  circuit  with  adjustable  coupling  and  symmetry  in  ad¬ 
dition  to  crossover  frequency  control.  A  final  goal  of  100  millivolts  per 
megacycle  for  the  discriminator  slope  was  set.  It  was  intended,  in  addi¬ 
tion  to  supplying  the  baseband  information,  that  the  discriminator  would 
also  supply  the  d-c  error  signal  for  the  AFC.  For  the  receiver  to  be  in¬ 
operative  below  threshold,  a  squelching  circuit  would  be  required,  so  it 
was  decided  that  the  last  two  i-f  stages  would  be  aquelched.  The  circuit 
performing  this  function  would  be  a  Schmitt  trigger,  whose  output  would 
be  applied  to  the  bases  of  the  last  two  i-f  stages.  So  that  the  squelching 
circuit  would  not  be  triggered  by  any  extraneous  signals  or  noise,  it  was 
necessary  that  the  detector  circuit  performing  this  function  have  its  signal 
derived  after  the  bandpass  filter  and  before  the  point  of  limiting  in  the  i-f 
amplifier,  preferably  between  the  fourth  and  fifth  i-f  stages.  The  band¬ 
pass  filter  was  to  be  inserted  between  the  third  and  fourth  i-f  stages.  To 
provide  the  75 -ohm  output  impedance  and  baseband  response  required,  it 
was  intended  to  incorporate  an  emitter  follower  having  a  gain  of  unity 
after  the  i-f  discriminator. 

4.  Results 

Many  problems  were  encountered  in  the  initial  design  of  the 
breadboard  i-f  amplifier.  One  of  the  first  problems  to  be  attacked  was 
the  baseband  dropout  section  which  began  as  a  two-stage  emitter  follower 
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with  built-in  feedback.  After  making  tests  with  this  section,  it  was  dis¬ 
covered  that  it  had  a  high  noise  figure  and  improper  output  impedance. 

The  final  design  of  this  section  resulted  in  a  two -stage  amplifier  with  over¬ 
all  negative  feedback.  The  output  impedance  waa  adjusted  to  75  ohms  and 
the  gain  to  1. 2:1,  with  a  frequency  response  of  60  cycles  to  8  Me  at  the 
-0.  5-db  points.  This  dropout  section  consists  of  one  2N706  followed  by  a 
2N1613.  Both  input  and  output  are  a-c  coupled  with  the  output  stage,  which 
is  collector  loaded.  The  following  are  some  of  the  pertinent  test  data: 


Gain 

Overload 

Differential  Phase 
Differential  Gain 
Response 

The  following  were  the  noise  power 
level: 


1.2:1 

2.  5  vP-P  input  signal 

Approx.  0.  125  degrees 

Approx.  0.01  db 

60  cps  to  8  Me  minus  0.  5  db 

20  cps  (-3  db),  10  Me  (-1.0  db) 

atio  :?e8ults  with  a  0.  1-volt  rms  input 


Measurement 

NPR 

Frequency  (kc) 

(db) 

70 

66.  3 

290 

65.  5 

534 

68.  0 

1002 

69.  0 

The  design  of  the  i-f  bandpass  filter  was  not  attempted  in  the  laboratory. 
Instead,  outside  filter  suppliers  were  solicited.  The  i-f  amplifier  design 
proceeded  without  this  filter.  Design  of  the  intermediate  frequency  was 
performed  according  to  the  original  approach  without  use  of  the  bauidpass 
filter,  and  tests  revealed  several  problem  areas.  It  was  discovered  that, 
while  a  discriminator  slope  over  90  mv  per  megacycle  could  be  achieved, 
the  two  last  2N834  stages  would  be  over -dissipated  at  the  upper  tempera¬ 
ture  limit  as  a  result.  Therefore,  their  operating  levels  had  to  be  lowered 
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and  the  discriminator  slope  decreased  to  about  65  mv  per  megacycle.  The 
squelching  circuit  originally  planned  worked  quite  well  except  for  stability 
with  temperature.  It  was  stabilized  by  the  use  of  a  temperature -sensitive 
diode  in  the  B+  supply  and  a  sensistor  in  the  emitter  circuit  of  the  Schmitt 
trigger.  The  signal  levels  required  to  trigger  the  squelching  circuit  were 
a  difficult  problem  to  cope  with.  It  was  originally  intended  to  insert  a  de¬ 
tector  circuit  just  after  the  bandpass  filter  which  could  be  used  for  the  trig¬ 
ger  and  received  carrier  level  monitor.  It  was  discovered  that  signals 
appearing  at  any  of  the  2N1742  i-f  stages  were  either  very  low  in  level  or 
had  a  very  small  dynamic  range.  This  was  a  result  of  the  low-level  over¬ 
load  or  saturation  characteristics  of  the  2N1742.  It  was  decided,  then,  to 
branch  off  into  another  i-f  section  which  would  employ  the  silicon  2N834 
and  tuned  interstage  elements.  This  was  accomplished  by  taking  part  of 
the  i-f  input  at  J-1  {preamplifier  output),  amplifying  the  signal  through 
four  stages  with  a  bandpass  of  approximately  20  Me,  detecting  this  signal, 
and  applying  it  to  the  Schmitt  trigger  by  means  of  an  emitter  follower. 

At  this  i-f  output,  another  detector  circuit  was  also  employed  to  supply 
the  necessary  voltage  for  monitoring  received  carrier  level.  Curves  of 
meter  indication  as  a  function  of  received  carrier  level  are  shown  in  Fig¬ 
ures  91  and  92. 

These  circuits  also  required  temperature  stabilization.  Complete 
tests  of  the  i-f  amplifier  were  performed  when  the  prototype  bandpass  fil¬ 
ter  arrived.  The  supplier  of  the  i-f  filter  could  not  comply  with  one  spec¬ 
ification.  Instead  of  phase  linearity  of  0.  4  degree  per  megacycle,  the  pro¬ 
totype  produced  1. 5  degrees  per  megacycle.  The  final  test  results, 
utilizing  an  elaborate  bench  mock-up  to  simulate  a  system  and  including 
such  items  as  transmit  baseband,  all  r-f  components,  preamplifier,  i-f 
amplifier,  and  baseband  dropout  along  with  pre-  and  de -emphasis  networks, 
are  as  follows: 

1.  Response  -  20  cps  to  7.  5  Me  (±0.  5  db) 

2.  Differential  Phase  -  0.  8  degree 

3.  Differential  Gain  -  0.  12  db 

4.  Noise  power  ratio  and  noise -to -idle -noise  ratio  with  pre-  and 
de -emphasis.  (Signal  at  transmit  klystron  is  2.  35  volts  rms 
at  reflector  to  simulate  240 -channel  FDM  loading.) 
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Measurement  Frequency  Noise  Powe 


(kc) 

(db) 

70 

44 

290 

38 

534 

36 

1002 

41 

Ratio  Noise -to  •Idle •Noise  Ratio 
(db) 

63 

61 

57 

57 


The  above  test  results  indicate  that  no  detrimental  effects  were  experienced 
from  the  bandpass  filter.  In  order  that  the  filter  function  properly  with  this 
intermediate  frequency,  a  pad  had  to  be  inserted  at  the  input  and  output  ends 
of  the  filter.  This  was  necessary  because  the  intermediate  frequency  did  not 
present  a  constant  impedance  across  the  i-f  band. 

F.  ORDER  WIRE 

1.  Mechanical  Description 

The  order-wire  circuit  is  constructed  on  an  epoxy-glass  board 
using  point-to-point  wiring.  The  input  and  output  phone  jacks,  and  the  push- 
tb-talk  and  push -to -signal  switches  are  mounted  on  a  bracket  to  provide  a 
single  complete  unit.  When  mounted  in  position  in  the  radio  case,  the  jacks 
and  switches  are  accessible  for  operation  through  holes  in  the  control  panel. 
Connections  to  the  radio  are  made  with  permanently  connected  laced  wires 
which  are  tied  to  one  of  the  radio  terminal  blocks.  To  remove  the  unit  from 
the  radio  for  maintenance,  several  screws  are  removed.  This  unit  is  also 
sprayed  for  fungus  and  humidity  resistance. 

Z.  Functional  Description 

The  order  wire  provides  voice  communication  between  two 
radio  units  constituting  a  hop.  In  the  order -wire  system  the  audio  signal 
amplitude  modulates  a  carrier,  the  frequency  of  which  is  above  the  highest 
frequency  component  of  the  baseband  signal.  This  modulated  carrier  is 
inserted  into  the  baseband  channel  and  transmitted.  On  the  receiving  side, 
the  order  wire,  tuned  to  the  carrier  frequency,  amplifies  the  modulated 
carrier  and  detects  the  modulation,  providing  the  audio  output.  Signaling 
also  is  incorporated  to  alert  the  attendant  that  a  call  is  being  made. 

The  circuit  diagram  of  the  order  wire  is  shown  in  Figure  93.  When 
switch  SI  is  depressed,  power  is  applied  to  the  transmitter  part  of  the 
order  wire.  The  signaling  oscillator  generates  a  10-kc  signal  which  is 
applied  to  the  base  of  the  8-Mc  carrier  oscillator  transistor,  causing  AM 
modulation.  The  output  of  the  carrier  oscillator  is  coupled  through  resistor 
R19  to  prevent  oscillator  loading. 
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When  switch  S-2  is  depressed,  power  is  applied  to  the  audio 'amplifier 
stage  and  to  the  carrier  oscillator.  A  sound-powered  phone  connected  to 
the  input  telephone  jack  provides  the  audio  input  signal.  This  signal  is  am¬ 
plified  by  transistor  Q2  and  used  to  modulate  the  carrier.  The  values  of 
resistors  R8  and  R12,  and  capacitors  C5  and  C7  are  chosen  to  limit  the 
audio  response  approximately  from  200  cps  to  3  kc. 

On  the  receiver  side  the  carrier  is  passed  through  a  series-tuned  cir¬ 
cuit  and  applied  to  a  two-stage,  tuned-carrier  amplifier.  The  series -tuned 
circuit  prevents  loading  of  the  baseband  signal  and  also  helps  to  reject  the 
noise  from  radio  receiver.  After  amplification  in  the  carrier  amplifier  the 
signal  is  demodulated.  The  audio  signal  is  passed  through  the  emitter- 
follower  stage  (Q54)  and  applied  to  the  output.  Inductance  L54  and  capacitor 
C58,  connected  to  the  emitter  of  Q54,  are  tuned  to  the  10 -kc  signaling  fre¬ 
quency.  This  circuit  has  no  effect  upon  the  audio  signal;  however,  when  the 
signaling  tone  is  received  the  emitter  resistance  appears  bypassed  and  ap¬ 
preciable  gain  is  realized  at  the  collector  of  Q54.  The  signaling  tone  is  then 
rectified  and  used  to  drive  the  buzzer -controlling  transistor,  Q53.  The  re¬ 
sponse  of  the  order  wire  is  limited  to  the  normal  telephone  band  (that  is,  . 
300  cps  to  3  kc)  to  improve  the  signal-to -noise  ratio. 

The  order  wire  may  also  be  monitored  and  controlled  from  a  remote 
position.  Six  wires  connected  to  the  remote  positions  are  required,  and 
permit  a  complete  parallel  operation. 

3.  Results 

Tests  of  the  order  wire  in  the  system  during  the  final  labora¬ 
tory  and  field  tests  showed  the  performance  of  the  order  wire  to  be  mar¬ 
ginal.  The  output  signal  was  noisy  at  times,  but  intelligible,  and  the  order 
wire  performed  its  function  in  the  field. 

G.  RECEIVE  BASEBAND  AMPLIFIER 

1.  Mechanical  Description 

The  receive  baseband  amplifier  is  constructed  on  an  epoxy¬ 
glass  component  board  with  point-to-point  wiring.  Two  connectors  are 
mounted  on  brackets  for  the  baseband  input  and  output,  and  two  pigtail 
wires,  permanently  attached  to  the  board,  connect  to  the  power  source. 

Two  convection -type  transistor  heat  sinks  are  used  for  heat  dissipation. 


58 


2. 


Functional  Description 


The  receive  baseband  amplifier  is  a  wideband  amplifier)  de¬ 
signed  to  deliver  up  to  4  volts  peak  to  peak  across  a  75-ohm  load.  It  has 
excellent  distortion,  inter  modulation,  differential  gain,  and  differential 
phase  characteristics.  , 

The  circuit  diagram  of  the  receive  baseband  amplifier  is  shown  in  , 
Figure  94.  The  input  signal  is  applied  to  the  base  of  transistor  Q1  through 
the  gain-adjusting  potentiometer  Rl.  Since  the  input  impedance  into  the 
first  amplifier  stage  is  high,  shunting  resistor  R2,  together  with  the  poten¬ 
tiometer,  is  used  to  establish  the  input  impedance  into  the  circuit  at  75 
ohms.  The  output  of  transistor  Q1  is  coupled  into  the  second  amplifier 
stage  through  a  series  peaking  coil,  LI.  The  third  and  output  stage  con¬ 
sists  of  two  transistors  connected  in  parallel.  The  bases  and  collectors 
of  Q3  and  Q4  are  connected  together,  and  the  emitters  are  connected 
through  resistors  R19,  R22  and  the  common  resistor  R23  to  ground.  Re¬ 
sistors  R19  and  R22  are  bypassed  by  capacitors  C7  and  C8,  and  are  used 
to  provide  stability  of  the  quiescent  operating  points.  There  are  two  neg¬ 
ative  feedback  loops  in  the  circuit.  One  is  from  the  collector  of  the 
output  stage  to  the  emitter  of  Q2,  and  the  other  from  the  emitter  of  the 
output  stage  to  the  emitter  of  Ql.  The  emitter  resistors  of  Q1  and  Q2  are 
partially  bypassed  to  permit  feedback  connections  and  to  provide  high  open- 
loop  gain.  The  first  feedback  loop  (collectors  of  Q3  and  Q4  to  emitter  Q2) 
decreases  the  output  impedance  of  the  amplifier,  and  at  the  same  time  in¬ 
creases  the  input  impedance  to  Q2.  The  second  loop  increases  the  input 
impedance  of  Ql,  while  having  only  small  effect  on  the  output  impedance 
of  the  output  stage.  The  degree  of  feedback  given  the  two  loops  is  so 
chosen  as  to  obtain  the  output  impedance  of  75  ohms.  The  negative  feed¬ 
back  improves  the  amplifier  linearity  and  extends  the  frequency  response. 
To  control  the  upper  end  of  the  frequency  response,  a  variable  capacitor, 
CIO,  is  provided  which,  together  with  the  resistor  R24,  forms  a  time 
constant,  adjustable  for  best  response.  The  values  and  tolerances  of  the 
biasing  resistors,  and  the  operating  points  of  the  transistors  were  also 
chosen  to  give  optimum  performance  in  linearity,  differential  gain,  and 
differential  phase. 

The  amplifier  is  powered  by  a  48 -volt  supply,  which  is  used  also  to 
power  other  radio  circuits.  Resistors  R25  and  R26i  and  capacitors  C12 
and  C13  are  used  to  decouple  the  amplifier  from  other  circuits  on  the  power 
line. 
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3.  Design  Goals 


The  following  design  goals  were  established  prior  to  the  start 
of  the  circuit  design  efforts: 


Input  Impedance 
Output  Impedance 
Output  Load 
Voltage  Gain 

Dynamic  Range  with  75 -ohm  load  -  0  to  2.  0  volts  peak 

Frequency  Response  -  Referenced  to  3.  6  Me 

±  0.1  db  60  cps  to  5  Me 


75  ohms  ±  5% 

75  ohms  ±  5% 

75  ohms,  resistive 
0  to  20  db  adjustable 


+0,  3 
-1.0 


db  20  cps  to  7.  5  Me 


Inter  modulation  Distortion 
Differential  Gain 
Differential  Phase 
Operating  Temperature 
4.  Results 


53.5-db  noise -to -noise  ratidi* 
Less  than  0.  2  db** 

Less  than  0.  2°** 

-54°  C  to  +75°  C 


The  following  data  show  the  performance  of  the  receive  base¬ 
band  amplifier.  All  of  the  design  goals  ^except  the  output  impedance,  were 
met: 


Input  Impedance  -  75  ohms  ±5% 

Output  Impedance  -  87  ohms 


*  Using  a  random  noise  signal  covering  60  kc  to  1200  kc  at  0.2  volt 
rms  at  the  amplifier  output. 

**  Measured  with  Kelly  Test  Set,  with  amplifier  output  1. 0  volt  peak  to 
peak  at  15  kc,  and  0.  1  volt  peak  to  peak  at  3.  58  Me. 
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Output  Load 
Voltage  Gain 

Dynamic  Range 
Frequency  Response 

Interm odulation  Distortion 

Differential  Gain 
Differential  Phase 
D-C  Power  Consumption 


-  75  ohms 

-  20.  9  db  adjustable  over 
full  range 

-  0  to  2.  5  volts  peak 

-  Referenced  to  3.  6  Me 

i;  0.  1  db  60  cps  to  5  Me 

Q  db  10  cps  to  10  Me 

-  69  to  75  db  noise -to -noise 
ratio* 

-  Less  than  0,  05  db** 

-  Less  than  0.  15° * 

-  73  ma  at  48  VDC 


The  high  output  impedance  was  due  to  measurement  error 
during  design.  It  can  be  easily  corrected  by  changing  of  a 
resistance  value  in  the  feedback  circuit. 


*  Using  a  random  noise  signal  covering  60  kc  to  1200  kc  at  0.  2  volt 
rms  at  the  amplifier  output. 

**  Measured  with  Kelly  Test  Set,  with  amplifier  output  1. 0  volt  peak 
to  peak  at  15  kc,  and  0.  1  volt  peak  to  peak  at  3.58  Me. 

H.  AUTOMATIC  FREQUENCY  CONTROL  (AFC)  AMPLIFIER 
1.  Mechanical  Description 

The  Automatic  Frequency  Control  amplifier  is  assembled  on 
an  epoxy-glass  component  board,  with  point-to-point  wiring.  The  com¬ 
ponent  board  is  enclosed  by  a  perforated  metal  case,  on  which  are  mounted 
line  filter  components  and  a  terminal  block.  The  components  are  mounted 
on  both  sides  of  the  board  for  better  utilization  of  space.  The  unit  is 
mounted  by  two  guide  pins  and  several  screws,  and  is  easily  removable  for 
maintenance. 
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2.  Operational  Description 

The  AFC  amplifier  is  a  high -gain,  stable  d-c  amplifier,  used 
in  the  receiver  for  local -oscillator  frequency  control.  Its  purpose  is  to 
amplify  the  d-c  component  of  the  discriminator  output  to  a  level  sufficient 
to  correct  for  any  frequency  drift  of  the  transmitter  and  the  local  oscillator 
klystrons  in  such  a  way  as  to  place  the  resultant  i-f  signal  in  the  center  of 
its  band.  Control  is  accomplished  by  applying  the  output  of  the  AFC  ampli¬ 
fier  in  series  with  the  power  supply  to  the  repeller  of  the  receiver  klystron. 
The  AFC  amplifier  closes  a  feedback  loop  which  tends  to  maintain  the  d-c 
component  of  the  discriminator  at  zero. 

A  circuit  diagram  of  the  AFC  amplifier  is  shown  in  Figure  95.  . 

To  simplify  description,  the  circuit  is  divided  into  five  operational  blocks: 
the  magnetic  modulator  and  filter,  the  400-cps  oscillator,  the  error  ampli¬ 
fier,  the  reference  amplifier,  and  the  phase  detector  and  filter. 

The  output  of  the  magnetic  modulator  is  proportional  to  the  product  of 
the  400-cps  reference  signal  and  the  d-c  input  signal.  Since  the  400-cps 
reference  signal  is  of  a  constant  amplitude,  the  output  is  a  400-cps  wave 
proportional  in  amplitude  to  the  d-c  input.  When  the  input  polarity  is 
changed,  the  phase  of  the  output  is  reversed. 

Output  of  the  magnetic  modulator  is  passed  through  a  series-tuned 
L-C  filter  to  eliminate  the  undesired  signal  harmonics  generated  in  the 
modulator,  A  back-to-back  diode  set  (CRl,  CR2),  connected  from  a 
junction  point  between  C2  and  LI,  and  ground,  limits  the  400-cps  signal 
to  prevent  overloading  of  the  error  amplifier. 

The  error  amplifier  is  a  three -stage  d-c -coupled  feedback  amplifier 
which  amplifies  the  400-cps  signal  to  the  proper  level.  The  biasing  net¬ 
work  is  such  that  the  three  stages  are  interlocked  by  d-c  feedback  to  pro¬ 
vide  for  good  stability. 

Output  of  the  error  amplifier  is  coupled  to  the  phase  detector  through 
a  step-up  transformer  with  a  turns  ratio  of  1:5. 

The  400-cps  oscillator  is  a  Butler  type.  Transistors  Q5  auid  Q6  are 
coupled  at  their  emitters  by  a  series  L-C  circuit,  and  the  feedback  loop  is 
completed  by  the  connection  from  R38  through  C20  to  the  base  of  Q5.  The 
frequency  of  this  type  oscillator  is  virtually  independent  of  transistor  param¬ 
eters,  and  is  determined  almost  exclusively  by  the  timed  section.  Variable 
resistor  R38  is  adjusted  to  provide  a  proper  output  level.  The  400-cps 
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reference  signal  is  passed  through  an  emitter  follower  (Q7)  to  reduce 
loading,  and  then  applied  to  the  magnetic  modulator  and  reference  ampli¬ 
fier.  Before  the  reference  amplifier,  there  is  a  phase  and  gain  adjusting 
circuit.  The  phasing  circuit  is  adjusted  so  that  the  phase  of  the  error 
amplifier  output  and  the  phase  of  the  reference  amplifier  output  coincide. 

The  reference  amplifier  has  iin  identical  circuit  configuration  to 
that  of  the  error  amplifier,  except  for  a  few  resistor  values  which  are 
different  to  establish  a  lower  gain.  The  output  of  the  reference  amplifier 
is  also  coupled  to  the  phase  detector  through  a  transformer. 

The  input  to  the  phase  detector  from  the  reference  amplifier  is  a 
constant-amplitude  400 -cps  signal.  During  half  of  the  period,  when  the 
point  connected  to  diodes  CR3  and  CR4  is  positive,  the  diodes  are  reverse- 
biased  and  cut  off.  During  that  time,  the  error -amplifier  output  is  positive 
and  charges  CIO  through  R19.  During  the  second  half  of  the  period,  the 
diodes  are  forward-biased  by  output  of  the  reference  amplifier  and  conduct¬ 
ing,  so  that  the  output  of  the  error  amplifier  is  essentially  shorted  by  the 
low  diode  resistance.  During  this  period,  no  voltage  appears  at  the  output 
of  the  error  amplifier.  Thus,  the  output  of  the  error  amplifier  appears  aS 
a  half-wave,  rectified  signal,  which  is  filtered  to  provide  the  d-c  output. 
When  the  polarity  of  the  input  to  the  magnetic  modulator  is  reversed,  the 
two  inputs  to  the  phase  detector  are  exactly  180  degrees  out  of  phase,  and 
the  above  process  takes  place  except  that  polarity  of  the  output  is  reversed. 

To  prevent  coupling  between  the  AFC  amplifier  and  other  circuits 
being  powered  by  a  common  power  supply,  a  filter  is  provided  on  the  +48- 
volt  power  line. 

The  transfer  characteristic  of  the  AFC  amplifier  is  shown  in  Fig¬ 
ure  96.  The  gain  of  the  circuit  was  adjusted  to  the  maximum  value,  but 
may  be  decreased  if  required. 

When  the  circuit  was  connected  in  the  system,  the  controlling  action 
was  obtained;  however,  low-frequency  oscillation  was  also  present.  In¬ 
vestigation  showed  that  several  R-C  constants  in  the  feedback  loop  were 
sufficiently  close  to  each  other  to  cause  this  condition.  The  time  constants 
were  modified  so  that  the  oscillations  became  insignificant. 
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I. 


PRE-  AND  DE -EMPHASIS 


1.  Mechanical  Description 

The  pre-  and  de -emphasis  circuit  is  constructed  on  an  epoxy¬ 
glass  component  board,  with  point-to-point  wiring.  The  board  is  mounted 
by  two  guide  pins  inserted  into  holes  on  the  radio  case,  and  two  screws. 

There  are  four  coaxial  cables  connected  to  the  board  which  carry  baseband 
signal,  and  one  single  wire  carrying  order -wire  signal. 

There  are  four  circuits  mounted  on  the  board.  These  are  the  pre- 
emphasis  and  de -emphasis  circuits  for  multiplex  operation,  and  the  pre- 
emphasis  and  de-emphasis  circuits  for  TV  signals.  Terminals  are  pro¬ 
vided  so  that  the  desired  net  of  circuits  may  be  selected  by  soldering  strap 
wires. 

2.  Functional  Description  and  Test  Results 

A  schematic  diagram  of  the  pre  -  and  de -emphasis  circuits  is 
shown  in  Figure  97.  Both  the  pre-  and  de -emphasis  circuits  are  driven 
from  a  75 -ohm  source  and  terminated  by  a  75 -ohm  load.  The  multiplex 
pre -emphasis  circuit  consists  of  a  series  L-C  circuit  shunted  by  a 
271. 5-ohm  resistor.  The  circuit  is  connected  in  series  with  the  signal 
and  tuned  to  1.  5  Me.  As  the  signal  frequency  is  increased  at  low  frequen¬ 
cies,  the  impedance  is  essentially  constant;  but  as  the  resonant  frequency 
is  approached,  the  impedance  decreases.  Past  resonance,  the  impedance 
increases  approaching  a  constant  value  determined  by  the  resistor.  The 
response  of  this  circuit  is  shown  in  Figure  98. 

The  multiplex  de -emphasis  circuit  consists  of  a  parallel -tuned  cir¬ 
cuit  shunted  by  a  271.  5-phm  resistor.  This  circuit  is  also  connected  in 
series  with  the  signal  and  is  tuned  to  1.  5  Me.  At  low  frequencies,  the 
impedance  of  the  circuit  is  small,  increasing  to  the  value  of  the  resistor 
as  the  frequency  is  increased  to  resonance,  and  decreasing  as  the  fre¬ 
quency  is  raised  past  resonance.  The  frequency  response  of  the  de¬ 
emphasis  is  shown  on  Figure  98.  The  frequency  response  of  the  pre- 
emphasis  and  de -emphasis  circuits  are  so  matched  as  to  give  a  flat  re¬ 
sponse  when  both  of  the  circuits  are  used  in  a  system. 

The  TV  signal  pre -emphasis  and  de -emphasis  circuits  are  four 
terminal -shunted  T-type  circuits,  with  a  constant  input  and  output  imped¬ 
ance  of  75  ohms.  The  pre -emphasis  circuit  attenuates  the  low  frequencies 
by  20  db  more  than  the  high  frequencies,  whereas  the  de-emphasis  attenuates 
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the  high  frequencies  more.  The  crossover  frequency,  the  frequency  at 
which  the  attenuation  of  both  circuits  is  10  db,  is  1  Me.  Frequency  re¬ 
sponse  of  the  TV  pre-  and  de -emphasis  is  shown  in  Figure  99. 

The  measured  frequency  response  coincided  with  the  theoretical. 
The  circuits  used  are  in  accordance  with  the  CCIR  recommendations. 

Attenuation  for  the  multiplex  pre -emphasis  circuit  is; 


■^•mux  =  log  10 


where,  fr  =  1.5  Me. 


db 


Attenuation  for  the  TV  pre -emphasis  circuit  is; 


A,  =  10  logio 

V 


where,  fb  =  1.0  Me. 


1  + 


31. 


1  +  10 


db 


J.  METERING  AND  TEST  FACILITY 
1.  Mechanical  Description 

The  Metering  and  Test  Facility  assembly  consists  of  an  epoxy¬ 
glass  component  board,  metal  plate,  and  two  rotary  switches.  The  rotary 
switches  and  the  component  board  are  mounted  on  the  metal  plate  to  make 
this  unit  one  complete  assembly.  The  assembly  is  mounted  flat  to  the  inner 
plane  of  the  control  panel,  with  the  switch  knobs  mounted  on  its  face.  The 
meter  is  mounted  directly  on  the  control  peuiel  and  two  short  wires  connect 
it  to  the  circuit.  The  permanently  connected  cable  connects  the  various 
voltages  to  be  measured  through  the  terminal  blocks  of  the  radio  unit. 
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2.  Operational  Description 


The  circuit  diagram  of  the  Metering  and  Test  Facility  is 
shown  in  Figure  100.  The  circuit  is  designed  to  permit  monitoring  of  all 
power- supply  voltages,  klystron  reflector  voltages,  AFC  amplifier  output, 
received  carrier  level,  mixer  crystal  bias,  i-f  squelch  status,  and  output 
levels  of  both  baseband  amplifiers.  The  circuits  in  this  assembly  consist 
of  series  dropping  resistors  for  d-c  measurements,  and  rectifiers  plus 
resistors  for  a-c  measurements.  Meter  readings  are  normalized  so  that 
Only  one  scale  is  used  on  the  meter  face. 

K.  R-F  COMPONENTS 

1.  Preselectors 

Each  receiver  is  equipped  with  a  two-section  direct- coupled 
post-type  waveguide  preselector.  The  preselectors  are  noteworthy  because 
their  bandwidth  remains  essentially  constant  across  the  entire  tuning  range. 
The  low-band  preselector  bandwidth  typically  changes  8  Me  when  tuned 
from  7.  125  to  8.4  gc.  A  conventional  quarter-wave- coupled,  post-type 
waveguide  preselector  would  vary  as  much  as  60  Me  in  bandwidth  across 
the  same  band.  A  new  method  of  tuning,  whereby  the  broad  wall  width  of  the 
waveguide  is  effectively  varied  by  means  of  two  nonresonant  cavities,  was 
used  to  achieve  the  constant  bandwidth.  Typical  responses  of  the  filters 
are  shown  in  Figures  101  and  102. 

2.  Isolators 

The  transmit  klystron  in  both  the  high  and  low  band  is 
protected  from  antenna  mismatches  by  a  single-magnet  ferrite  field- 
displacement  isolator.  The  isolator  used  in  the  7.  125  to  8.4  gc  band 
provides  30  db  minimum  reverse  attenuation  with  a  maximum  loss  in  the 
forward  direction  of  1  db.  The  high-band  (14.  0  to  15.  4  gc)  isolator  has 
a  minimum  reverse  attenuation  of  40  db  and  a  maximum  forward  loss  of 
1  db. 


3.  Frequency  and  Power  Monitor 

The  Frequency  and  Power  Monitor  permits  checking  of  the 
frequency  and  power  output  of  the  transmit  klystrons.  A  portion  of  the 
transmitted  signal  is  coupled  from  the  main  waveguide  by  a  directional 
coupler  and  passed  toward  a  cavity  tuned  to  the  desired  transmit  frequency. 
If  the  signal  frequency  differs  from  that  of  the  cavity,  the  signal  is  reflected 
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back  toward  a  crystal  detector  and  the  transmit  power  is  read  on  the  meter. 

If  the  signal  frequency  is  the  same  as  that  of  the  cavity,  the  signal  is  absorbed 
by  the  cavity  and  a  minimum  output  is  seen  on  the  meter. 

A  vernier  tuning  adjusts  the  cavity  frequency  approximately  ±10  Me 
so  that  the  difference  between  the  transmit  frequency  and  the  desired  fre¬ 
quency  can  be  ascertained.  The  vernier  also  permits  detuning  the  cavity 
so  that  transmit  power  can  be  read  with  the  transmitter  at  the  correct 
frequency. 

During  system  tests  it  was  determined  that  the  cavity  Q  on  the  low- 
band  unit  was  too  low  for  good  frequency  indication.  The  high-band  cavity 
exhibited  what  appeared  to  be  multimoding  resulting  in  erratic  performance. 

An  external  horn  and  detector  were  then  provided  for  external  monitoring 
of  the  transmitter. 

4.  Klystrons 

Two  types  of  klystrons  are  used,  the  VA244D  for  the  7.  125  to 
8.4  gc  band,  and  the  VA92F  for  the  14.  0  to  15.4  gc  band.  Both  are  direct- 
modulated  reflex  klystrons  with  waveguide  output,  and  both  use  forced-air 
cooling.  The  VA244D  employs  external  cavity  tuning  and  the  VA92F  uses 
internal  cavity  tuning.  The  VA92F  is  subject  to  microphonic  frequency 
modulation  which  degrades  its  TV  transmission  performance.  However, 
this  does  not  affect  its  multiplex  transmission  capability.  Eight  each  of 
the  klystrons  were  evaluated  with  the  following  results: 

VA244D 

Pq  -  1.  0  to  1 . 3  watts  at  7.  125  gc 
0.  69  to  0.  85  watt  at  8.  4  gc 
Modulation  Sensitivity  -  325  to  473  kc/volt 
Mode  Bandwidth  -  27  to  44  Me 

Cathode  Current  -  74  to  75  ma  at  -730  volts 

Reflector  Voltage  -  -260  to  -485  volts  with  respect  to  cathode 

VA92F 

P  -  130  to  290  mw  at  14.  0  gc 
°  164  to  291  mw  at  15.4  gc 

Modulation  Sensitivity  -  650  kc/volt  average 
Mode  Bandwidth  -  28  to  44  Me 

Cathode  Current  -  27  to  39  ma  at  -750  volts 

Reflector  Voltage  -  -290  to  -477  volts  with  respect  to  cathode 
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5. 


Antenna 


The  Antenna  la  of  a  parabolic  type,  two  feet  in  diameter, 
and  is  an  integral  part  of  the  radio  unit.  It  has  a  replaceable  circular 
center  section  approximately  one  foot  in  diameter,  on  which  the  trans¬ 
mitter  and  receiver  feeds  are  mounted.  The  two  feeds  are  cross-polariaed 
to  provide  30-db  isolation.  A  high-  and  a  low-band  feed  assembly  is 
provided  with  each  antenna,  permitting  its  use  over  either  of  the  two  bands. 

The  Antenna  has  a  beam  width  of  about  three  degrees,  with  the 
sidelobes  over  20  db  down.  The  radiation  pattern  measured  under  field 
conditions  at  the  high-frequency  band  is  shown  in  Figure  103. 

6.  Local-Oscillator  Injector  and  Mixer  Assembly 

The  receiver  preselector  is  followed  by  a  single-ended  mixer 
which  was  chosen  because  of  its  simplicity.  The  very  low  noise  content 
of  the  local- oscillator  klystron  used  made  a  balanced  mixer  or  local- 
oscillator  filter  unnecessary.  Final  testing,  however,  indicated  that  the 
inclusion  of  a  local-oscillator  filter  would  have  resulted  in  much  easier 
receiver  klystron  tuning. 

The  local  oscillator  is  fed  to  the  mixer  through  an  adjustable 
attenuator  and  a  directional  coupler,  permitting  optimum  adjustment  of 
local-oscillator  power  for  best  receiver  noise  figure.  A  dielectric  phase 
shifter  between  the  preselector  and  the  mixer  crystal  is  used  to  properly 
phase  the  image  signal  (a  mixer  product  due  to  the  presence  of  both  the 
local-oscillator  and  i-f  signals  in  the  mixer  diode).  This  phasing  adjust¬ 
ment  eliminates  mixer  i-f  output  impedance-to-preamplifier  input  impedance 
mismatch,  removing  this  source  of  noise  figure  degradation. 
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SECTION  IV 


RADIO-MULTIPLEX  SYSTEM  TESTS 


A.  IN-LAB  TESTS 

Both  units,  radio  and  multiplex,  were  connected  and  operated  as  a 
duplex  system  in  the  laboratory. 

Two  coaxial  cables  are  used  to  provide  the  baseband  signal  in-and- 
out  interconnection  of  the  two  units.  Figure  104  shows  the  test  setup. 

The  units  were  separated  a  maximum  distance  of  20  feet  during  the  system 
tests.  The  maximum  distance  at  which  the  equipments  could  be  placed 
from  one  another  before  noticeable  degradation  of  performance  occurred 
was  not  measured  because  of  limited  testing  time.  No  problems  should 
be  encountered  with  greater  distances  between  ithe  two  equipments  since 
interconnection  impedances  have  been  standardized  at  75  ohms.  The 
two.  coaxial  cables  from  the  units  were  terminated  with  standard  connec¬ 
tors  so  that  a  patch  cable  of  any  desirable  length  could  be  interspaced. 

When  both  units  are  to  be  connected  together,  the  level  adjustments 
are  made  on  the  fadio  unit.  The  multiplex  transmitter  baseband  output 
is  adjusted  for  full  on.  The  receiver  and  transmitter  of  the  multiplex  are 
fixed  and  the  necessary  level  adjustments  are  then  made  on  the  radio. 

The  radio  was  purposely  designed  with  adjustable  inputs  and  outputs  to 
give  it  added  flexibility. 

The  only  degradation  of  performance  when  the  multiplex  was  connec¬ 
ted  to  the  radio  was  in  the  signal-to-nbise  ratio.  Table  XII  is  a  reading  of 
the  signal-to-noise  ratios  for  each  channel  when  the  multiplex  is  connected 
to  the  radio.  The  noise  contribution  of  the  radio  is  due  to  two  sources: 
high  frequency  signals  on  the  B+  line  from  the  power  supply,  and  the  in¬ 
herent  noise  in  the  receiver  front  end.  The  exact  separate  contributions 
from  these  two  sources  could  not  be  determined. 

The  harmonic  distortion  and  crosstalk,  listed  in  tables  VII,  VIII 
and  IX,  are  readings  taken  with  the  multiplex  and  radio  connected.  It  was 
found  that  the  multiplex  is  capable  of  the  best  performance  when  there  is 
3  db  of  gain  at  baseband  frequencies  between  the  two  units.  Crosstalk  and 
harmonic  distortion  are  the  two  characteristics  most  affected.  The  multi¬ 
plex  connected  in  a  back-to-back  configuration  had  crosstalk  and  distortion 
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Table  XII  AN/TRC-56  Multiplex 
Noise  Measurement 


REFERENCE; 


Philco  Record  Book:  11*729 
Date;  August  21,  1962 


TEST  CONDITIONS: 


a.  Multiplex  and  radio  connected 

b.  0  dbm  input,  -3  dbm  output  at  1  kc,  channels  1  through  12 

c.  -16  dbm  input,  -3  dbm  output  at  1  kc,  channels  22  through  24 

TEST  RESULTS: 

UNIT  A  TO  UNIT  B.  UNIT  B  TO  UNIT  A 


Noise 

S/N  Ratio 

Noise 

S/N 

Ratio 

Channel 

FIA 

Flat 

FIA 

Flat 

FIA 

Flat 

FIA 

Flat 

Number 

(dba*) 

(dbm) 

(db) 

(db) 

(dba*) 

(dbm) 

(db) 

(db) 

1 

33. 0 

-47.  5 

52.  0 

44.  5 

34.  0 

-47.  0 

51.  0 

44.  0 

2 

41.5 

-42.  0 

43.  5 

39.  0 

35.  5 

-45.  5 

49.  5 

42.5 

3 

35.7 

-43.  3 

49.  3 

40.  3 

37.2 

-46.  8 

47.  8 

43.8 

4 

41.0 

-44.  0 

44.  0 

41.  0 

32.2 

-47.  8 

52.  8 

44.  8 

5 

34.7 

-42.  3 

50.  3 

39.  3 

33.2 

-41.  8 

51.  8 

38.  8 

6 

40.  6 

-33.  0 

44.4 

30.  0 

34.2 

-36.  3 

50.  8 

33.  3 

7 

36.  7 

-44.  3 

48.  3 

41.  3 

31.8 

-51.7 

53.  2 

48.  7 

8 

41.2 

-43.  3 

43.  8 

40.  3 

33.  5 

-49.  5 

51.  5 

46.  5 

9 

38.4 

-43.  8 

46.  6 

40.  8 

32.  8 

-47.  7 

52.2 

44.7 

10 

40.2 

-43.  8 

44.  8 

40.  8 

36.  1 

-42.4 

48.  9 

39.4 

11 

42.  7 

-36.  3 

42.  3 

33.  3 

34.8 

-42.7 

50.2 

39.7 

12 

44.7 

-32.  3 

40.  3 

29.  3 

33.  0 

-39.  0 

48.  0 

36.  0 

22 

35.  5 

-41. 5 

49.  5 

38.  5 

37.  0 

-45.  0 

52.  0 

42.0 

24 

34.  0 

-39.  0 

51.  0 

36.  0 

30.  0 

-45.  0 

55.  0 

42.  0 

♦Referenced  to  0  dbm, transmission  level. 
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increased  by  approximately  5  db  in  most  channels  over  the  values  obtained 
when  used  with  the  radio.  This  is  due  to  lower  distortion  in  the  trsuismit 
and  receive  envelope -detector  at  higher  level  inputs,  and  the  crosstalkiitg 
signal  produced  in  the  transmit  and  receive  signaling  driver  with  low-level 
inputs.  It  was  found  in  the  laboratory  that  poor  ground  connections  between 
the  equipments  could  increase  the  noise,  hum,  emd  ripple  in  each  channel. 
An  indication  of  the  subjective  quality  of  the  channels  was  that,  in  many 
cases,  the  EES  field  phones  were  the  determining  factor  in  the  sound  of  a 
channel. 

B.  FIELD  TEST 

The  multiplex-radio  system  was  field-tested  after  laboratory  testing 
had  been  completed.  The  two  locations  were  nearly  two  miles  apart.  One 
location  was  a  Philco  field  site  in  Abington,  Pa.  ,  and  the  other  was  the 
roof  of  a  12 -story  apartment  house.  The  tripod  of  the  radio  unit  at  the 
field  site  was  placed  on  the  ground.  The  line -of -sight  elevation  of  this 
unit  was  approximately  four  degrees,  and  passed  close  over  the  tops  of 
several  trees  and  buildings. 

Order -wire  communication  between  the  two  sites  was  established 
within  five  minutes  after  the  equipments  were  placed  and  warmed  up.  The 
multiplex  equipments  were  then  connected  and  contact  established. 

The  field-test  results  were  very  satisfactory.  The  radio  units  were 
detuned  and  retuned,  an  antenna  pattern  was  taken  (see  Figure  103),  and 
multiplex  channel  signal-to-noise  ratios  were  measured.  The  performcuice 
of  the  equipments  in  the  field  was  equivalent  to  that  in  the  laboratory.  No 
equipment  failure  occurred,  except  for  a  shorting  of  a  mica  insulator  in 
the  radio  power  supply  which,  however,  did  not  cause  any  component  fail¬ 
ures.  The  insulator,  detmaged  during  initial  construction,  was  replaced 
and  communication  was  re-established. 

The  equipment  was  in  the  field  two  weeks,  under  extreme  (for  this 
area)  conditions.  Temperatures  ranged  from  91°  F  down  to  40°F,  with 
both  dry  and  rainy  periods. 

After  the  field  tests  were  completed,  the  equipments  were  rechecked 
in  the  laboratory  before  shipment. 
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SECTION  V 


CONCLUSIONS 


Analysis  of  the  design  and  testing  programs  on  the  AN/TP.C-56  Radio 
Set  resulted  in  the  following  conclusions. 

A.  RADIO 

1.  Power  Supply 

The  power-supply  layout  is  such  that  the  accessibility  to  many 
of  the  components  for  servicing  or  replacement  is  difficult.  Also,  because 
of  the  layout  and  wire  cabling,  undesired  voltage  spikes  appear  at  the  out¬ 
puts.  A  change  in  the  layout  would  overcome  the  above  difficulties;  however, 
little  weight  decrease  may  be  expected  from  this  change.  If,  however,  the 
specifications  were  modified  to  require  the  unit  to  operate  from  a*400-cps 
line  only,  considerable  savings  in  size  and  weight  could  be  realized. 

In  general,  the  electrical  performance  of  the  power  supply  (neglecting 
the  spikes)  was  very  satisfactory. 

2.  Pre-emphasis  and  De-emphasis  Network 

The  electrical  performance  of  this  unit  is  good;  however,  its 
mounting  position  in  the  radio  unit  is  not  convenient.  The  size  of  this  unit 
could  be  decreased  by  constructing  it  in  a  three-dimensional  modular  form. 
This  modification  would  also  permit  its  mounting  in  a  more  convenient  place. 

3.  Transmit  Baseband  Amplifier 

The  electrical  performance  of  the  transmit  baseband  amplifier 
is  good.  Component  layout  is  acceptable,  but  small  modification  could  be 
beneficial.  The  mounting  location  is  good  and  all  components  are  readily 
accessible. 

4.  Frequency  and  Power  Monitor 

Neither  the  low-  nor  the  high-band  unit  is  satisfactory.  Although 
power  output  can  be  monitored,  the  units  are  not  adequate  for  transmitter 
frequency  tuning. 
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5.  Klystron 

Both  of  the  klystrons  meet  the  tunable  bandwidth  requirements; 
however,  they  are  the  linearity  limiting  components  in  the  system.  The 
low-band  klystron,  although  rated  at  one  watt  nominal,  is  not  capable  of  one 
watt  at  the  upper  end  of  the  band.  The  tuning  screw  has  no  mechanical 
stop:  as  a  result,  the  klystron  may  be  damaged  during  tuning  by  turning 
the  screw  too  far.  The  high-band  klystron  exhibits  microphonic  sensitivity 
which  is  generally  not  desirable. 

6.  Isolator 

Performance  of  the  isolator  is  good  in  all  respects. 

7.  Antenna 

Performance  of  the  antenna  was  found  satisfactory. 

8.  Preselector 

The  performance  of  both  the  high-band  and  low-band  preselectors 

is  very  good  in  all  respects.  Both  units  cover  wide  tuning  ranges  and  have 
uniform  bandwidths  over  the  entire  bands.  The  bandwidth  variations  over 
either  of  the  two  bands  is  of  the  order  of  ±8  percent. 

9-  Mixer -Preamplifier 

Performance  of  the  mixer-preamplifier  unit,  in  general,  is  very 
good.  The  noise  figure  in  the  high-frequency  band  of  operation  is  somewhat 
high,  but  perhaps  may  be  improved  by  better  crystal  matching  and  local- 
oscillator  filtering.  L.  O.  filtering  has  not  been  provided,  and  its  lack 
results  in  difficulty  of  tuning  the  L.  O.  to  the  proper  operating  point. 

10,  I- F  Amplifier 

Performance  of  the  i-f  amplifier,  in  general,  is  reasonably 
good;  however,  its  discriminator  slope  is  lower  than  anticipated.  The  fre¬ 
quency  response  tends  to  degrade  at  high  r-f  power  levels  due  to  overload 
in  transistors.  This  effect  and  the  number  of  transistors  in  the  circuit 
could  possibly  be  decreased  if  circuit  modification  could  provide  a  wider 
dynamic  range.  The  wider  dynamic  range  would  eliminate  the  need  for  the 
parallel  stages  used  now  to  drive  the  metering  and  squelch  circuits. 
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11.  Receive  Baseband  Amplifier 

Performance  of  the  receive  baseband  amplifier  is  good.  The 
somewhat  high  output  impedance  can  be  corrected  without  difficulty  by  a 
change  of  resistor  value  in  a  feedback  loop.  All  other  operating  charac¬ 
teristics  were  good,  and  no  other  modifications  are  needed. 

12.  Automatic  Frequency  Control  Amplifier 

The  performance  of  the  AFC  amplifier  is  very  satisfactory 
in  all  respects.  The  unit  can  possibly  be  made  smaller  by  reducing  the 
number  of  components,  including  transistors,  without  degradation  of 
performance. 

13.  Metering  and  Test  Facility 

The  metering  unit  performed  well  in  all  respects. 

14.  Order  Wire 

The  order-wire  performemce  in  the  system,  although  adequate 
for  its  limited  task,  is  not  on  a  par  with  the  rest  of  the  system.  Improve¬ 
ment  of  the  performance  would  be  desirable. 

15.  Temperature  Control 

The  temperature-controlling  air  vent  system  on  the  radio  unit, 
although  never  tested  over  the  entire  temperature  range,  is  calculated  to 
be  insufficient  to  hold  the  transmitter  frequency  within  specification  limits 
over  the  -54°C  to  +  52 °C  ambient.  If  transmitter  frequency  stability  is  to 
be  held  over  the  entire  temperature  range  to  the  specified  degree,  the 
temperature  control  system  may  have  to  be  modified. 

16.  Weight  and  Size  of  the  Radio  Unit 

There  is  little  hope  of  considerable  weight  or  size  reduction 
of  the  radio  unit  unless  some  of  the  following  changes  are  made: 

a.  The  unit  is  restricted  to  operate  from  a  400-cps  line  only. 

b.  Requirement  for  the  band  interchangeability  is  eliminated. 

c.  The  power  supply  is  packaged  separately. 

d.  The  antenna  is  packaged  separately. 
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The  radio  dimensions  in  the  present  configuration  were  essentially 
dictated  by  the  antenna  size. 

B.  MULTIPLEX 

The  experimental  AN/TRC-56  multiplex,  excluding  weight,  met  the 
specifications  with  minor  exceptions.  The  one  real  shortcoming  of  the 
equipment  is  its  over-all  weight.  However,  of  all  the  characteristics  of 
the  unit,  the  weight  factor  could  be  changed  the  most.  The  major  contri¬ 
butions  to  the  over-all  weight  were  the  universal  type  of  application  for 
which  it  was  designed  in  signaling  and  dialing,  and  the  over-all  packaging. 

In  field  use  of  this  equipment,  it  would  not  be  likely  that  both  the 
a-c  ringdown  signaling  and  E  &  M  dialing  circuitry  be  included  in  one 
package.  Use  of  one  or  the  other  would  reduce  the  bulk  of  the  Signaling 
and  Termination  Assemblies  by  one  half.  Options  for  a-c  ringdown  oper¬ 
ation  or  E  &  M  dialing  operation  could  still  be  provided  by  making  their 
respective  cards  interchangeable.  Separate  packaging  of  the  signaling  and 
termination  units  would  further  reduce  the  over-all  case  size  and  weight. 

Packaging  of  the  developed  unit  provided  for  adding  an  additional 
10  data  channels.  Eliminating  this  requirement  would  also  reduce  size  and 
weight. 

All  these  steps  would  increase  the  portability  of  the  equipment  by  a 
great  degree  without  deteriorating  the  performance  of  the  unit. 
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SECTION  VI 


RECOMMENDATIONS 


Based  upon  experience  gained  in  the  design  phase  and  measurements 
made  during  the  laboratory  and  field  testing  phases,  the  following  recom¬ 
mendations  are  made  for  future  equipments: 

A.  RADIO 

1.  The  frequency  and  power  monitor  for  the  transmit  klystron 
should  be  redesigned.  The  new  design  should  include  a  broadband  (20-Mc) 
indication  which  would  permit  easy  initial  coarse  tuning  of  the  klystron.  In 
addition,  it  should  contain  a  fine-tuning  indication  which  would  permit  exact 
final  tuning  of  the  klystron. 

2.  A  bandpass  filter  should  be  incorporated  in  the  mixer  arm  attached 
to  the  local- oscillator  klystron.  This  filter  would  permit  tuning  the  local 
oscillator  to  within  the  receiver  AFC  capture  range  without  requiring  an  in¬ 
coming  r-f  signal.  This  feature  would  be  invaluable  during  system  instal¬ 
lation  when  communications  had  not  yet  been  established  (antenna  alignment 
not  yet  completed)  and  when  a  local- oscillator  klystron  is  replaced.  It 
would  also  prevent  incorrect  operation  of  the  local  oscillator  35  Mc(one-half 
intermediate  frequency)  away  from  the  received  signal  with  the  resultant 
degradation  in  system  noise  performance.  It  would  eliminate  noise  contri¬ 
butions  from  the  local  oscillator  which  may  be  a  significant  contributing 
factor  in  the  high-band  noise  figure. 

3.  The  radio  power  supply  should  be  made  an  entity  in  itself, 
separate  from  that  portion  of  the  radio  which  contains  the  antenna.  This 
recommendation  is  based  on  the  size  and  weight  involved.  The  horizontal 
and  vertical  dimensions  of  the  present,  and  any  future,  radio  unit  are  dictated 
by  the  antenna  diameter  and  are  therefore  unchangeable.  The  front-to-back 
depth  of  the  present  unit  is  determined  primarily  by  the  power  supply.  If 

the  power  supply  were  removed,  the  depth  and  weight  of  the  remaining  unit 
could  be  greatly  reduced.  The  consequent  weight  reduction  would  permit 
a  similar  weight  reduction  of  the  tripod.  Making  the  power  supply  a  separate 
unit  would  allow  a  much  better  form  factor  to  be  achieved  for  it.  At  present 
it  is  three -dimensionally  wrapped  around  the  antenna  contour.  Removal  of 
the  power  supply  from  the  case  would  also  prevent  direct  radiation  of  power - 
supply  generated  spikes  into  the  other  circuitry. 
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4.  Radio  sets  for  operation  either  in  the  low  band(7.'12S  -  8.4  gc) 
or  the  high  band  (14.  0>15.4  gc)  should  be  considered  as  separate  equipments 
without  the  need  for  interchangeability.  This  would  result  in  more  efficient 
mechanical  packaging  of  the  radio,  with  a  consequent  weight  reduction. 

5.  The  transmitter  frequency  stability  requirement  should  be 
revised  to  cover  any  30*^C  temperature  range  within  the  over-all  operating 
ambient  of  -54  °C  to  +  52°C.  This  would  reduce  the  complexity  of  the 
klystron  temperature  control  problem  and  would  still  be  compatible  with 
the  intended  usage  of  the  equipment.  A  temperature  change  greater  than 
30  C  is  extremely  unlikely  to  occur  in  any  given  locale  over  a  reasonable 
length  of  time  (maintenance  interval).  When  the  equipment  is  transported 
to  a  new  locale,  normal  practice  would  be  to  check  transmitter  tuning  upon 
installation  at  the  new  site. 

6.  Either  the  television  transmission  capability  (implicit  in  the 
differential  phase  and  differential  gain  specifications)  should  be  deleted,  or 
the  requirement  for  simultaneous  order  wire  and  TV  transmission  should 
be  deleted.  The  order  wire  could  then  be  operated  at  voice  frequencies  on 
the  radio  baseband,  yielding  several  distinct  advantages.  It  would  remove 
the  order  wire  from  its  present  8- Me  baseband  frequency,  where  the  charac¬ 
teristic  noise  of  an  FM  receiver  is  highest.  It  would  eliminate  the  need 

for  modulating  the  order -wire  information  onto  a  carrier  (as  is  done  now 
with  a  resulting  10-db  degradation  in  S/N).  Compatibility  of  order-wire 
characteristics  with  those  of  equipments  such  as  the  AN/TRC-66  would  be 
easy  to  obtain.  It  would  make  party-line  order-wire  operation  on  a  system 
possible  without  the  present  push-to-talk  arrangement. 

7.  The  transmitter  power  required  into  the  antenna  should  be 
revised  from  the  present  one-watt  design  goal  to  600  milliwatts  for  the 
low  band  J7.  125  -  8.4  gc.).  The  klystron  now  used  is  a  state-of-the-art 
device  because  of  its  extremely  wide  tuning  range  (1300- Me  tuning  range 
compared  to  a  300-Mc  tuning  range  of  klystrons  in  general  usage).  To 
achieve  the  present  design  goal  would  require  using  more  than  one  tube 
(probably  four)  to  cover  the  tuning  range.  The  resulting  logistics  problem 
would  negate  one  of  the  major  operational  features  of  the  equipment. 

8.  For  production  equipments,  the  required  receiver  noise  figure 
(including  preselector  loss)  for  the  low  band  (7.  125  -8.4  gC)  should  be 
changed  to  12  db.  The  required  receiver  noise  figure  for  the  high  band 
(14.  0-15.  4  gc)  should  be  changed  to  14 ’db.  The  recommended  values  are 
based  on  adding  approximately  1  db  margin  to  the  theoretically  calculated 
values.  The  theoretical  values  (assuming  resistive  image  termination) 
are  given  by: 
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where: 


N=  LpL^ 
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preselector  filter  loss 
mixer  diode  conversion  loss 
i-f  amplifier  noise  factor 
mismatch  loss  between  mixer  and  i-f 
output  noise  ratio  of  mixer  diode 


*  A  function  of  Zj£  and  Z^,  ,  i-f  input,  and  diode  output 
impedances,  respectively 


The  pertinent  equipment  characteristics  are: 


LOW  BAND 

HIGH  BAND 

1.26:1  or  1.  0  db 

1.41:1  or  1.  5  db 

Lc 

2.  82:1  or  4.  5  db 

4.47:1  or  6.  5  db 

N 

if 

2.  52:1  or  4. 0  db 

2.  52:1  or  4.  0  db 

L 

m 

1.  17:1  or  0,  7  db 

1.  26:1  or  1.  0  db 

N 

r 

1.  60:1 

1.  30:1 

^if 

400  ohms 

450  ohms 

z 

335  -  465  ohms 

365  -  565  ohms 

c 

Diode 

1N415E 

1N78D 
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For  the  low  band 


•• 

(2. 


N  =  1.26  (2.82) 

=  12.6,  or  11. 0  db 

For  the  high  band 

N  =  (1.41)  (4.47) 

=  21.9,  or  13.4  db 


52)  (1.  17)  +  1 


52)  (1.26)  +  1.3  -  1 
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The  calculations  as  noted  previously  are  based  on  resistive  termination 
of  the  image  fre<)uency.  The  AN/TRC-56  receiver  has  provisions  for  re- 
actively  terminating  the  image.  This  feature  has  the  effect  of  reducing  the 
mixer-diode  conversion  loss.  The  amount  of  improvement  achievable  is 
dependent  upon  the  broadband  conversion  loss  of  the  diode,  increasing  as 
the  conversion  loss  decreases.  For  the  diodes  used,  the  improvement  is 
0.  5  db  in  the  low  band  and  0.  2  db  in  the  high  band. 

9.  The  3-db  down  point  at  the  high-frequency  end  of  the  over-all 
one-hop  frequency  response  should  be  set  at  6  Me,  with  100  kc  taken  as 
the  reference.  The  response  would  still  be  almost  six  times  that  required 
to  carry  the  multiplex  signal,  and  adequate  to  carry  typical  TV  with  either 
intercarrier  sound  or  a  separate  sound  subcarrier.  This  would  yield  a 
reproducible  production  equipment. 

B.  MULTIPLEX 


1.  If  no  more  than  two  data  channels  are  required  for  most  appli¬ 
cations,  the  expandability  requirement  should  be  deleted.  This  would 
decrease  the  size  of  the  multiplex  package  and,  as  a  consequence,  decrease 
its  weight. 

2.  The  Signaling  and  Termination  units  now  provided  with  each 
voice  channel  should  be  packaged  in  a  separate  case,  use  of  which  would 
be  dependent  upon  whether  or  not  signaling  is  required.  If  the  Signaling 
and  Termination  units  cannot  be  put  in  a  separate  case  then  separate  units 
for  a-c  ringdown  and  for  E  &  M  dialing  should  be  supplied  on  an  inter¬ 
changeable  basis.  These  recommendations  are  made  with  a  view  toward 
making  the  multiplex  more  easily  portable  from  a  size  and  weight  standpoint. 
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3.  The  crosstalk  specification  should  be  revised  to  specify  a 
method  of  measurement,  a  crosstalk  design  goal,  maximum  crosstalk, 
and  a  maximum  number  of  channels  which  can  exceed  the  design  goal  but 
be  less  than  the  specified  maximum  crosstalk.  The  value  of  the  recom¬ 
mendation  can  be  seen  by  examining  the  tables  of  crosstalk  measurements 
presented  in  an  earlier  section  of  this  report. 

4.  A  receiver  baseband  amplifier  with  a  large  dynamic  range 
should  be  provided.  This  would  raise  the  per-channel  input  to  the  Transmit- 
Receive  channel  cards  on  a  common  amplification  basis,  eliminating  an 
equivalent  per-card  gain  requirement.  This  would  remove  as  much  as 
three  stages  of  amplification  on  each  Transmit- Receive  card. 

5.  A  more  efficient  method  of  combining  channels  at  the  baseband 
frequency  output  of  the  channel  transmitters  should  be  devised.  The  present 
low  levels  at  this  point  make  the  channels  susceptible  to  pickup  of  standard 
AM  broadcast  stations. 

C.  SYSTEM 

The  system  channel  noise  specification  should  be  revised  in  a  manner 
similar  to  that  recommended  for  the  crosstalk  measurement. 
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Figure  Z  Simplified  Multiplex  Interconnection  Diagram 
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AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  1,  A  to 
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AN/TRC-5b  Multiplex  Channel  Frequency  Response,  Channel  Z,  A  to  B 


igure  5  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  3,  A  to  B 
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Figure  6  AN/TRC-66  Multiplex  Channel  Frequency  Response,  Channel  4,  A  to  B 


igure  7  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  5,  A  to  B 
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igure  8  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  6,  A  to  B 


Figure  9  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  7,  A  to  B 
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Figure  10  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channels,  A  to  B 


igure  11  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  9,  A  to 


igure  IZ  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  10,  A  to  B 


Figure  13  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  1..,  A  to  B 


re  14  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  12,  A  to  B 


igure  15  AN/TP-C-56  Multiplex  Channel  Fr  equency  Response,  Channel  2Z,  A  to  B 


Figure  16  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  i4,  A  to  B 


igure  17  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  1,  B  to  A 


igure  19  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  3,  B  to  A 


Figure  >:  0  AN/  iRC  5b  Multiplex  Channel  F'requency  Response,  Channel  4,  B  to  A 


igure  21  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  5,  B  to  A 


igurs  ZZ  AN/TRC-56  Multiplex  Channel  Frequency  Response,  Channel  6,  B  to  A 


Z6  AI\/fRC-56  Multiplex  Channel  Frequency  Response,  Channel  10,  B  to  i 


igure  Z7  A'nVTRC-5o  Multiplex  Channel  Frequency  Response,  Channel  11,  B  to  A 


Figure  Z8  AN/  a  RC-  5d  Multiplex  Channel  Frequency  Response,  Channel  12,  B  to  A 


AN/TRC-"6  Xluit.iplex  Channel  Frequency  Response,  Channel  24,  B  to  A 


ire  31  AN/rRC-56  Multiplex  Charnel  Phase  Response,  Channel  1,  A  to 


igure  32  AN/TRC-5b  Multiplex  Channel  Phase  Response,  Channel  2,  A  to 
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igure  35  AN/TRC-56  Multiplex  Channel  Phase  Response, 
Channel  22,  A  to  B 
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BBBBBBBBI'>IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBP.IBBK'IBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
iBBBBBBBBI  -IBBt 'OBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBir-roJI^JBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB 
aBBBBBI'’''l!!1Bir:..'lBBBBBBBBBBBBBBBBBBBBBBBBBBBaBBB 
BBBBBBBt'^F.lB-aaBBBBaBBBBaBBBaBBBBaBBBBBBBBaBaB 
aBBBBBr''*l^''IB^BaBBBBaBBBaaBBBaBBBBaBBBaaBBaaBaB 
BBBBBBV' - 


rr:iBBr>aBaBBaBBBaaBBBaBBBaBBBBaBBBaaBaB 

_ JfBBB'-rt’ICBBBaBBBaaBBBaBBBBaBBBaBBBaaBBB 

BBBBBBB*^  I  ^IBBi;3r>BBBaBBBaaBBBaBBBBBBBBaBBBaaBBB 
BBBBBBI^F^lBBrnvaBBaBBBaaBBBaBBBBBBBBaBBBaafBa 
BBBBBBB  ‘C'-IP:  HIirBaBaBBBaaBBBaBBBBBBBBaBBBaaBBB 
BBBBBBBBF^IKk'  L  ^BBBBaBBBaBBBBaBBBBaBBBBBBBaaaBB 
BBBBBBBvi:!iL  aaBMBaBBBaaBBBaBBBBaBBBaBBBaaaaB 

- laaiaB 


BBBBBBBnPMVZK'lBBBiaBBBaaBBBBBBBaalBBI 
BBBBBBKK'l^'^IBr'K-inflBiaBBBaaBBBaBBBaBBBBI 
BBBBBBB.'^F^B’-r-iriBBaBBBaaBBBaBBBBBBBBI 
BBBBBBI  ?I-^B  -  K  IP  BBBaBBBaaBBBaBBBBBBBBI 

aBBBBBk7r'<B'  F-Ji:  >IBBaBBBaaBBBai - 

aBBBBaS  -IB  •  K  -IP  IBBaBBBiBBBBBI 


BBBBBBB:'  t-qB*'.l  -ir  «BBBBBBBBBBBBBBBBBBBBBB|BBaBBil 
BBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBallaaaBBil 
BBBBBBBBiflBBaaBBBBBBBBBaBBBBBBBBBBBiBiiiaaaail 


■bbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

_ _ Jbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbbb 

BBBBBBlIiBBBaaiB^ 

BBBBBBlIiBBBaBBB 
BBBBBBSr - 


IBBBBBBBBBBBBBBBBBBBBaBBBBBBBB 
IBBBliBBaBBBaBBBBBaBBBBBBBBBBB 
— '■iiaaaaaaaBBBaBaaaaBBBBBBBa 


BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBB 
BBaBaaBiaaBiillaiBiiBBaaBaBaaaBaBBBBBBBBBBaaa 
aflBBBBBaBaaaiiiBBBiEBBBBaBBBaBBBBaBBBaBBBBBBB 
BiBBBBBaaBaBBBBBBBBBBBBBBBBaaaaBBBaaaaaaBaBBB 
BBBBBaBBaBBBBBBBlBBBBBBBaaBBBBBBBBBBBBBBBBBBB 
BBBBBaaaBBBBBaBBaaaBBaaBBBBBaBBBBBBBBBBBBBaaB 
BaaaaBBBBBBaiBaaaBBBBaaaBBBBBBBBBBBBBBBiBaaBa 


. _ JBBBBBL  _ 

BaaBaaBBBBBBBaBaaBaBaaaBBBBBBBBBBBBBBIliaBIII 


iBBBBBBBaBaaBBBBaBBBBBBaBaaaBaaaaaaaflBBB 

- iBii — 


■BBBBBBBBaaBBBBBBBBBBBaBBBBBaaaaaaai 
■BBBBBBBBBBaaaaBaaBaBaBBBBBBBBBBBBBBBBBB 


BBBiBBBaaaBaaBBBBBBBBBaaaBBaaBaBBBBaaBBBBBBBB 

lBBBEBBBaaBaaaBBaBBBBBBBBBaaaaaaaaBBaaBBBBBBB^ 


lBBBBBBaaBBBBBBBBBaBBBBaBaaaaaBBBBBBBBBBBBBB’'^a 


iBaaaBBBBBBBaBBaaaBaBBBBBBBBBBBBBBBBBBBBBB'.^BB 
|BBafl|BBBiBBaBBBBBBBBBBaBBBBBBBBBBaaBaaBB’'^aBBB 
iBaBilBBBaBaaBBBBBBBBBBBBBBaBBBBBBaaaaBB'^BBBBB 
laBBBBBBaaaaBBBBBBaBBBBBBBBBBBBaBaBBaBa'^BBBBBi 
lBBBBBBBaaBBBBBBBaBaaBBBBBBBBaBaaBBBBr-.BBr - 


laBBBaBaBBBBBBBBBaaaBaaBBBaaaBBBBBBB’^BBBBBBaaa 

|aaBBaaBBBBBBBBBBaBBBBBaaaaaaaBBBBB''^BBBBBaBaBB 

laBBBBBBBBBBBaBBaBBBBBBBBaaaBBBBBB'jBBBBaBBaBBB 

iBBBBBBBBBBBBBBBBBBBBBBBBBBaBBBB^TlBBBaaaBBBaBB 


iBBBBBaaaaaBBBBaBBBaaaBaBBBBBaa'jBBBBBaaBBBBaBB 
iBBBBBBBBBBBBBBBBBBBaBaaaBBBB':;  (BBBBBaaBBBBBBBB 
iBBBBBaBBBBBBBBBBaaBaaaBBBBBPi-JBBaaaBBBBBBBBBa 


■BaBBBaBBaBBBaBBaBBBBBr^UBBBBBBBBaBaBBaaBB 

■El - - 


iBBBBlBBBBBBBBBBaaaaBaBBBP^BaaaBBaBBBBBBBBBBBa 
lBBBBBBBBBBBaBBBBaaaBBaBP4BBBaaaaaaBBBBBBBBBaa 
laaBBBBBBBBBBBaBBBaBBBBr^aaBBBBBaaBBBBBaBBBaaB 
- ibbbbbbbbbbbbbb 

iBBBBaaaBBBBBBBBBBBBBr^BBBBBBBBaaBiBBBBBBBaaBB 
iBBBBaBaBBBBBBaBBBBBFJBBBBBaBBBaaaflBBBBBBBaaBB 
iBBBBBBBBBBBBBBBBBBr.BBBBBBBBBBBaaaiBBBCrrZZZrZ 
iBBBBBBBBBBBBBBBBBr.BBBBBBBBBBaBBBBBBBBBBBaBBBB 
iBBBBBBBBBBBBBBBr'BBBBBBBBBBBBBaaaaBBBBBaBBBBB 
iBaBBBBBBBBBBBaP’Z^BBBBBBBBaaBBBBBBBBBBBBBBBBaB 
- iBBBBBBBBBBBBBBBaaaBBBBBaaBaBBB 


iBBBBBBi 


IBBBBBI 


iBBaaBBi 


IBBPP-: 


■BFi 


ir 


BBBBBBBBBBBBBBBBBaaaBBBBBBBBBa 
BBBBBBBBBBBBaaBaaBBBBBBBBBBBB 


aBBBBBBBBaaaaBBBBBBaBaBaBBBBBBBBBBBaBaBBai 

BBBaaBBBBBBBBBaEBBBBBBBBBBaBBBBaaBBBBBBBBI 


IBBBBBBBBBBBBaBBaBBBBaBaBaBBBBBBBBBflBBBBBBBa 

aBBBBaBBBBBBBBBBBBBBBBBBaBaaBBaBBaaBBBBBBBBa 


■IIIIIIIIBIIJPIIIIlIBBiBif ■!!!!■■!■!!!!!!!!! 


aaaBBBBBBBaBiBaaBBaBBBBBBBaBBBBaBBBBBaBBBaBB 

BBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBB 

HBBBBBBBBBBBBBBBaBBBaBBBBaBBBaBflBaaBBBBBBBBB 
BBBEBBBBEBBaaBBaaaaaBBBBBBBBBEaaaBaBaBaaBaB 
BaBaaaBBaaBBaaaBBaBBBBBBBaaaaflBBBBBaBaBaaaBB 
BBBBBBBBBBBBBBBBBBBBBBiBBBBBBBaaBBBBaaBBBBBB 


BBBBBBaaBBBBBBBBBBBBBBBBBBBBBaBaBBBBBBBBBBBB 


BBBBBBBBBBBBBBBBBaaBaaBBaaaaaBBBBBBBBBaBBBBB 

BBBBBBBBBBBBBBEBBBaBBBBBBBBBBBBBaafBBBBBBBBB 


BBBBBBBBBiBBBBBBBBBBBBBBBaBBBaBaaBBBBBaaBBaB 

BBBBBBBBBEBBBBBBaaBBBBaBBBBBaaBaaaaaBBBBBiBB 

BBBBBBBaBBBBBBBaaBaBaaBBEBBBBaBBBBBBBBaaBBBB 


aaBaBBBBBBBBBBBBBBBBBBBaBBBBBiaBBBBBBBBBBBBfl 
BUBBBEBBBBBBBBBBBBBBBBBBBBBBBfiBBBBBBBBBBBBBB 
BBlBBBBBBBBBBBBBBBBBBBBBBBBBBI 


BBaBBBBaBBBBBBBaaBBBBaaaBBBBBBBBBBBBBaaBZ  a\ 
BaBBBBBBBBBBBBBBBBBBBBBBBaaBBBBBBBBaBBBr:'4BB 
BaBBaBBBaBBBBBBBBBBBBBBBBBBBBBBBaBBBBaFjaaBB 


BBBBBBBBBBBBBBBBaBBBBBBBaaBaBaBBBBBB^aBBBBBB 

BBBBBBBBBiaBBBBBBBBBBaaBaBBBaBBBBBr-r.BBBBaBaa 


aBBaBaBaBBBBBBBBBBBBBBBBBBBBBBaaaP.^BBaBBaBB 

BaBBBBBBBBBBBBBBBBBBBBBBBIBBBBBBP'^BaaBBBBBBB 


BBBBBBBBBlBBBBBBBBBBBBaBa iBBaar^BBBBBBBBBBBB 
BBBBBBBBaiBBBBBBBBBBBBBBB iBar^JBBBBBBBBBBaaB 


BBIBBIIBB^IIBBIBIBIIIBIII IIB' 


BaaBaBBBBBBBBBBBBBBBBBBBBaBrBBBBBaBBaaaaBaaB 

aaBBBBiBBBBBBBBBBBBaBBBBBir.flBBaaBBlBiBBI - 

BBBBBBEBBBBBBBBBBaaBBBBBB'^aBBBBaBBBBiBBI 
BBBBBBBBBBBaaBBBBBBBBBB’;-.  iBBBBBBBBBBBBBI 
BBBBBBBaBBBBBBBBBBBBBBPZJiBBBBBBBBBBBBBaaBL^ 
BBBBBBBBBBBBBBBBBBBBBP^BB iBBBBBBBBBBBBBBBBaa 
BBBBBBBBBBBBBBBBBBBBP^BBB iBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBBBBBaBBBarBBBBB iBBBBaBBBBBBBBaBaBB 
BBBBBBBBBBBBBBBBBP^^dBBBBB iBBBBBBBBBBBaBBBBBB 
BBBBBBBBBBBBBBBBBr^^BBaBBB  iBBaaaaaflaaBBBBBBBB 
BBaaaaBBBBBBBBBBr.aBBBBBBB iBBBBBBBBaBBBBBBBBB 
BBBBBBBBBBBBBBB^aBBBBBBBB iBBBBBBBBBBBaaaBaBa 
BBBBBaiBBBBBBP'<BaaBBBBBBB iBaaaaBBBBBBaaBaBBB 
aBBBBBEBBBBBr;:<BaaaBBBBBBB'IBBBBBaBBBBBBBaBBBB 
BBBBaaBaaaaB'^JBBBBBBBBBBBiiBBBBBBBBBBBBBBBBBB 


BBBaaBBaaaP'^aaBfBBBBBBBBBaBBBBBBBBBBBI 

BBBaBBBBaP'4BBBBEEBBBaaBaBaBBBBBBBBBBBI 

aaBBBBBBP'4BBBBBBBBaaaaaaBaBBBBBBaEBBai 
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rBBBBBBBBBBBBBBBBBaBBBEaaBBaaaBBBBBBBBBBBBBB 
BBBBaBaBBBIBBaBBaaBBaBBBBBBBBBBBBBBBBBBBBBBB 
BBBBBBBBBBEBBBBaaaBBBBBBBBBBBBBaBBBBBaaBBBBB 
BBBBBBBBBBBaBaBaBBBBBBBBBBaaBaBaBBBBBBBBBBBB 


BBBBBBBBBBaaBBaBaBBBBBBBBBBBBBaBBBaaaBBBBBBB 
aBBBBBBBBBBaaBBBBBBBBBBBBBBBBBaBBBBBBBBaBBBB 
BBBBBBBBBiBBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBB 
BBBBBBBaBi - 
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BBBBBBBBBBBBBBBBBBBaaBBBaBBBBBBBBBBBBBBflBBBBBBBBBBaBBBBBBBBBB* 
aBBaBBBBBaaBBBBaaBaaaBaaaaBBaaBBaaaaaaaaBaaaBBaBBBBnaBBaaaBB' 
BBBBBBaaBaaBBBBaaBBaaaaBaBBaaBBB  aBBaBaBBaBaaBaaBBB'BtMiiBaaBr^i 
aaBBBBaaBBBaaBBaaBBaaaBBaaBBaaBaaaaaBaBaaaaaBaaBBBaKb^BBB'.BBaBi 
BBBBBBBBBBBBBBBBBBBBaBBBBBBaaBBBBaBBBBBBBBBBBBBBBBaBiaBr  .BBBaBI 
BBaBaBBBaBBBBaaaBBBBaBBBBBBBBBBBBaaBaBBaBBBaBaBBBBBBtlB’^.ai^aBaaBI 

- BBaaBBBBBBBBBBaaBBBBBBaBBBBBBaaBaBBBBIini'' - 

BBaBaBBBaBBBBBBaBBaaBBBBBBaBBBBaBBaai  : )  ^  I 
'■■■■■■■■■BBBBBBBBBBBBBBBBaaaBaaBBaaaB^«B■BBBBBBBii 
■BBaBBBaBaBaaaaBBBBBBBBBBBBBBBaBaBB^'.  ■BB.iaBaBflBBBI 
aaaBBBBaaBBBaBBBBBBBaaBBBaBBBBBBBBBaaBBBBBBBaBBr.BaBBlIBBaBBBaBI 
BBaaiBBaBBBaBBBBBBBBaaBaaBBBBBBBBBaBaaaBBBBBBBr.aBBaBB*  BBBBBBBBI 
aBaBiaBBBaBBBBBBBBBBaBBBaBBBBBBBaaBaaBaBaBBBB''^BaBBBBBr'IBBBBBBBI 
BBBaBigaiBiiBBiiBBBBBaBBBBBBBBBBBaBBBBBaBBB^aBBaaBBBi>4BBBBaBai 


BBBBBB laaaBBBB 


BBaBBBBBaBBaaBBBBBBBBB|aBaBaBBBBBaBaaBBBBr<^BaBBBlBBBBBIIBBI 
aBBBBaBBBaBBBBaBaBBBiBiBaBBBBBBBBaaBaaBBr.BaBBaaalBBBBBUBBI 

aaaBBaBBBBBBBBBaBBBaflBBBBaaBBBBBBaaBaBBraBBaaBBBBBBBB  niBBI. _ 

BBaBaBBBBBBBBaBBBBBBBBBBBBaBBBBaaaBaaB^aBaaBBBaBBBBBBaaaBBBBBB 
BBaBBBaBBBBBaaBBBBaBaBBBBaaaaBBaaaBax'^aBBBBBaaaBBBBBBBBaBaBBBa 
aBBaBBBaBBBBaBaBaBBBBBBBaBBBaBBBBBBB^BBaaaBaaBaBaaaaBBBBBBBBaB 
aaBBBBBaBBBaaBBaaaBBBBBBBaaaaBBBaBBaBaBBBBlBBaBBaaBBBBB laBaaBB 
BBaBBBBaaBBaBBBBBaBBBBBBaaBaBBBBaRBBaBBBBBBaBaaBBBBBBBBr IBBaBB 
BaBBBBBBBBaBBBBBBBBBBBBBBBBBBBBBrBBBBBaaBBBBaBBBBBBBBBBi  ■BBBBBB 
BBBBBBaBBBaBBBBaBBBBBBBaaBBBBBwrBBBBBaaBBBBBaaaaBBaBBBBIlBBBBBB 
BBaBBBBaBBBBBBnBBBBBaaBBBBBaaa'::iaBBBaBaBaBBBaBBBaaBBBBBBI  BBBBBB 
BaBaBBBBBaBBaBBBBBBBBBaBBBBBB'.<aBBaBaaBBaBBBBBaBBBBBBBBBB  BBBBBB 
aBaBBBBBaBBaaBBBBBBBflBBBBBBB:<aBaaBBBBBaBBBBBBBBBBBBBBBBB  BBBBBB 
BBBBBBBBaBBBBBBBBBBBBBBBBaPaBaaBBBBBBBaaBBBBBBBBBBBBBBBB •BBBBB 

BBaBBaBBBBaBBBBBBaaBBBBBBrjaaBBBaaBBBBBaBBBBaBBaaBBBBBBr.' - 

BBBBBBBBBBBBBBBBBBBBBBBBraaaBBBBBBBBBBBBBBBBaBBBBBBaBaBt ' _ 

BBBBBBBBBBaaBBBBBBBBBBBrflBBBBBBaBBBaBBaBBaBBBBBaBaaBBBBBlIBBBBB 
BBBaBBBBBaBBBBaBBBBBBB'^iBBBBaBBBBaBBBBBBBaaBBBBBaBaBBBBBBlIBBBBB 
BBBBBBBBaBBBBaBBBBaaB^BaBBBBBBBBaBBBBaBBBBBBBBBBBBBBaBBBlIBBBBa 
BBBBBBBaaaBBaBBBBBBV'^aaBBBaBBBBaaBBBBBaBBBBBaBBBBBBBBBBBnBBBBB 
aaBaBBBBBaBaBaBBBai>;jBBBBBBaaBBiiBBBBBaBBBaBBBBBBBBBBBBBBIIBBaBB 
BBIBBaBBBBaaBBaBBr.BBBBBBBBBaBBflEaBBaaBBBaBBBaBBBBBBBBBBBI  IBBBBB 
BBBBBBBBBBBBBBBBI^BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBI  Cl  BBBBB 
BBaBBBBBBBBaBBBr>BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBlBBBBBBB>.  BBBBB 

- ^xriaBaBBaBaaBaaaBBBaaBaaBaBaaaBBBaBiBBBBBaBBi  BaaaB 

- B-  ^■■■BaBBBBBBaaBBaBBBBBBBBBaBBBBaaBBBBaBBaBBi  BBBBB 

aaBBaBBBBBBB'^aBBBBBBBBBBBBBBaBBBaBBBaaaaBBBBaaBBBBBBaBBBI  BBBBB 
aBaBBBBBBBB;aaBBBaBBaBBBBBBBBaBBBaBBBaBBaBBaBaaBBBBaaBaBBI|[3BBB 
BaaBBBaBBraaBaBBaBBBBBBBaaaaaaBBaBBaaaBBBBBBBBBBBBaaBBBBi bbbbb 
BBaBBBBB>'aaaBBBaaBBBBBaBBBBBBBBaaaaaBBBBBBaBBBBBBaaBBBBBI BBBBB 
aBBBaBBr^BBaaaBBBBBBBBBBBBBBBBBBBBBBaBBBBBBBaaBBBBBBBBBBB  BBBBB 
aaBBBBr.aaBBBBBBBaBBaaaaBBBBBBaaaBaaBBBBaaaaBBBBBBBaBBaBBB bbbbb 
BBBBBr^BBBBBaBBBBaaBBBBBaaBBBBaaaaBBBBBBgBaBBBBBalBBBBBB  ni  I  BBBBB 
BBaB'.iaBBBaaaBaaBBaaBflBBaaaaBBaBBaBBBBBaEBBaBBBBaBBBBBBBafl  BBBBB 
BBB^flBBBBBBaBBBBBBBaBflBBBaaaBaBBBBBaaaaBBBBaaaaBBBBBBlBBa BBBBB 
■B^BBBBaBBflBBBaBflBBBBBBBaBBBBflBBBBBBBBBBBaaBaBBBBBBaaaBBB BBBBB 
V^SSSIBBBBBaflBiBBBBBaBBBBflBBaBaaBaBaBaBBBBBBBBBBBBBBBBBBB BBBBB 
aaBBaBBaaBBaiBiaBBBBaBaBaBaBBBBBaaaBBBBaBaaaBaaBBBBBBBBBBi cliBB 
aBaBaaaaaaaBBBBBBBBBaBaBBBBBaiBBaBBBBBaaBBBBBBBalBBBBBBBB BBBBB 
BBBBaaaaaaaaaaBBBBaaaBBBBaaBBaBBBBBBBBBaBaBBBBBaaBBBBBBBB bbbbb 
BBBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBBaBBBaaaaaaaaaaaBBaaaBBBB BBBBB 
BBaBBaBaBBaBaBaBaaaaBBBBaaBBBBBBaaBaBaaBBBBaBaaBBBBBBBaBB bbbbb 
aaBaaaBBaBaBBBaaaBBBBBBBBaaBBBBBBaaBBBaaBBBBBaaBBBBBaBBBBaBBBB 
aBaBBaBaaaaaBaaBaBBaaBaaBBaBBBaBaaaaBBaaaBaBaBBaBBBBBBBBBiiBBBB 
BaaBBBBBaaaaBaBaaBBBaaBBaaaaBaaaBaBaaBBBBaaBBBBBaBaBBBBBBiiaBBB 
aBaaaBBBBBBBBBBBBaaBBaBBaaBBaaaaBaBBBaBaBaBaaaaBBBBBaBaBBiiBBBa 
BaBBaBBBBBBBaBBBBaaBBBBBaaaaBBaiBBBBaBBBBBBaBBaaBBBBBBaBailBBaB 
aaBBaBBBaBBBaBBBBaBBBBBBBaBaBBaaaBBBaaBBBBBBaaBBBBBBBBBBiaBBBB 
aBBBBBBaBBaBBBBaaBBBBBBBaBaBBBBBBBBBBBBBBBBBBaBBBBBBBBBBBiiBBaB 
BBBBBBaBBBBBBBaaaBBBBBBaBBBBBaBaBBBBBBBBBBaaaBBBBBBBBBBBBIiaBBB 
BaBBBBBBaBBaBBBBBBaaBBBBaBBBBBBBBBaaBBBBBBBBBaBBBBBBBBBBBlIBBBB 
BBaBBBBaaBBaaBBBBBBBaaaBBBBBaaaBaaBBBBBBBaaaBBBBBBBBBBBBBIlBBBB 
BaBBBBBBBBBBaBBBBBBaBaBBBBBBaBBBaBBBBBBBaaaBBBBBBBBBBBBBI  JBBBB 
BBBBBBBBBBBBaBBBaBBaBBBBBaaBBBBBaBBBBBBBBBBBBBBBBBBBBBBBBiBBBB 
aBBBBBBBBBBaaBBaaaBaBBBBaaaaBBBBaBBaaaaBBBBBBBBBBBBaBBBBailBBBB 
BBBBBBBBaaBBaaBaBBBBBaaaaBBBBBBBBBBBBaBBBBBaaaaaaBBBBBBBBI  BBBB 
BBBBBBBBBflBBBBaBaBBaBBaaBBBBBBBBBaaBBBBBBBBaaaBBBBBBBBBBBBBBBB 
■  aBBBBBaBBBBBBaBaBBBaaaBBBBBBBBBBBBBBBBBBBaBaaBBBaBBBaBBB ( I IBBB 
aaBaiBBBBBBBBBaaaBBBBBaaBBBBBaaaBaBBBBBBBBBaBBBBBaBBaaBBBbBBBB 
BaBBBBBaBBBBBaBaBBaaBBBBBaaBaaBBaBBBBBBBBaBBBBBBBBBBaaBBaBaBBB 
BBBBBBBBaBBBBBBaBaBBBaBaBaBBaBaBBiaBBBBBBBBBBaaaBaBBBaaBBBBBBB 
BBBaBBaBBBBBaBBBBBBaaBBBaaBBaarTBBBBBBaBaBBBBBBBBBBaBBBaBBBBBB 
aBBBaBaBBBBBBBBBBBaaaaBaaBBBBBP^BBBaaaBBBBBBBBaBBaBBBBaBaB BBBB 
■■BBBBBBBBBBBBBBBBaaBBBBaiBBBBr.TBBBBBaBBBBBBBBaBBBBBIi-lBBBB  BBBB 
aBBBBBBBBBaBBBBBBaBBiBBaBiBBBBPfBBBBBaBBBBaaBaBBBBaBB.;BBBB BBBB 
■BBBBBBBBBBBBBBaaBBBBBaBBgaBBBBBBBBBBBBaBBBBBBBBBBBaaaBrrBBBBB 
■■■■BBBBBBBBBBBBaaBBBBaBBiBPnaaraBBBBBBBBBBBBBBBBBBBBaBI''' BBBBB 
■■■BBBBBaaaaBBBBaBaBBBaBaBBraaP'BBBBBBaaaBBBBBBBBBBaaBPaBBBBBB 
■■■BBBBBaBaaBBBaaBBBBaaBBBaa'IuTrBBBBBBBBaaBBBBBBBBBBBai  BB  BBBB 
BBflBBBBBBBaBaBBBBBBBBBaBBBBt^’-l'I^BBBBBBBaaBBBBBaBBBBBBaBaBaaBBBBa 
■■■BBBBBBaBBaaBBBBaBBBBaaBBr'M-VraBBBBBBBaaBBBBBBBaaBaaBBBB  BB  □  ■ 
liHgBBBBBBBBBBaBBBBBBBBBBBaBaBTBBBBBBBBBBBBBBaBBBBBBBBBBB PaaB 
lllggBBBBBBBBBBaBBBBaBBBBBBP^arB-BBBBBBBBBBBBBBBBBBBBBBBBBB  1 13  BB 
■■■aBBaBBBBBBBBaaBBBBBBaaBBl.-jrirBaaaBBBaBBaaBBaBBBBBBBrrBBBaBB 

BBBBBBBaBBBaBBBaaBBBaBlBBBBf'ir BZ  BaBBBBBBBBBBBBBBBBBBBBI ^  BB  BB - 

BBBBBaBBBBBBaBBBBBBBBaBBBaBr'I^B^  BBBBBBaaBBBBBBBBBBaaBBBBB  r.  IB 
■■iBBBaaBBBaBBBBBaBBaBaBBaBBBaBBBaBBBBBaBaBBBBBBBBaBBBBBB' BBBB 
■■■BBBBaBBBaBBBaaBBBaBBBBaBBBBBBBBBBaaaaBBaBBBBaBBaBBBBBBu  BBBB 
■■■flBBBBBBBBBBBaaBBBBaaBaaBBBBBaBBBBBBBaBBBBBBBBaBBBBaBBI'  i  BBBB 
■■■BBBBBBBBBBBBBBBBBBBaBaBaBBBaaBBBBaaaBBBBBBBBBBBaBBBBi«=.BBaB 
■■■BBBBBBBBBBBBBaaBBBaaBBBaaBBBBBBBBBBBBBaBBBaBBBBBBBaP'.4BaBDBa 
■■■■■■■■■■■■BBaBaBBBaaBBBBBBBaaBaiBBBaBBBBBBBBBBBBaPB'^BIBaBBBBB 
■■!BBBBBBBaBB’:BiF’irB‘"BB*a3BB-pnrvr>r;irB'^rBBaaBr'aaBvr:  >4aaaBBBBBB 
■■■BBBBBBBBBBflBaaaBBBBBaaBBBaBBBaaBaBaBBBBBBBC;JBBBBBaBaaBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB^  - 


■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■■a 
■■■■■■■■■■■■■■■■■■■■■■■■■■■aaaaaaaaa 
aaaaaaaaaaaaaai.^c.Ji-1-ajaa^B  jai-ajLj 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
aaaaaL:jaaaaaaaaBaaBaaaaaaaaaaaaaiaaa 
aaaaaL«:aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
ai’jaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
as / aaa jaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
aa-aaa.'.aaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
.t^a^ajaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
^i::aaL:iaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
zi'/a^aaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
zi^azaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa 
>i:iaaL'jiLijaaaaaaaaaaaaaaaaaaaaaaaaaaa 
aaazi:j:  jaaaaaaaaaaaaaaaaaaaaaaaaaaa 
■jaaLiiLiaaaaaaaBaaaaaaaaBaaaaaaaaaaa 

■  '^BBLdUiJBaaBBBBaBBBaBaaBBaBBBBBBBBa 
CiJBBBaBBBBBBBBBBBaaaaBBaaBBBBr 
a'^a’^h^BJBBBBBBBBBBaBBBBaBBBBBBBBBL- 
:^l^a..ia[iJBBBBBaBBBaBBBaBaBBBaBBBBBBB 
ujBBBEJCiJBBBBaBBBBaacsafissaaaBaaaBB 
LBZE;^B!iaBBBBBBaBiBaBBBBBaBBBBBBBaaB 
;a^B;^B‘jt;jBBBaaBBiBaBBaBBaBBBBBBaBBa 
-t^B'.rEUI-JaBBBBBBaBaBaBaBBBBBBBBBBBBB 
;ji--a:r8Ji-JBBBBBBaaBaBBaaaBaaBBBBBBBBa 
a;.  EaE  'JBBBBBBaBBaBBaaBBBaBBBBBBBBa 
.l‘-■Bza!Jr.JBBBBBBBBBBBaaBaBBBBBBBaBBBa 
wlZBZ.LJ[.;IBBBBaBBBaaaBBaaBBBBBaBBBBB 
BBBBaBBBBBBaaBBaBaaBBBBBBBaaaBBBBBB 
BaaBBBBaBaBBBBBBaaaBBBBBBBaaaBBBBBB 
BBBBBBBBBBBBBBBaaBBBBBBBBBaaBBBBBBB 
BBBBaBBaBBBBBBaBaBaBBaaaaBaBaBBBBBB 
BBBaBaBBBBBBBaaBBBaBaaaaaBaBaaaaBBa 
BaaBBBBBBBBBBBBBBBaaBBBBBBaBaaaBBBBa 
aBaBBBBBaBaBaBBBBBaaaaBBBBBBBaaBBBaB 
BBaBBBBaaBBBBBBBBaaBBBBBaaBaaBBBBBBB 
BBafBBBaaBBBBaBBaBaBBaaaBBBaBBBaBBB 
BBBiBBaBBaBBBBBBBaaaaBBBBBBBBBBBBBr 
aaaaBBBBaBBaaaBBBBBaaBBBBBBBBBBaaaaa 
aBBBaBBBBBBaaBBBBBaBBBBBBBBBBBBBBBB 
BBaaaaBaBaaBBBBBaaBBBBBBBBBBBBaBBBB 
liBaBaBBBBBBBaaaaBBBBBBaaaaBBBBBB 

_ jiBBBBaBaBBBaBBBaBBBBBaBBBaaBBBBB 

BBBBBaBBaBaBBBBBBBaBBBBBBBBBBBBBBBB 
aBBBBBBaaaaaBBBBBBaaaaaBBBBBBBBBBaB 
BBBBaBaBaBBBBBBaaaaaBBaBBBBBaaaBBBB 
BBaaBaaBBBBBBBaaaaBBBBBBBBBaBBaaBBB 
BBaBaaBBBBBBBaaBaaaaBBBaaaaaBaBBBBB 
aBaaBBBBBaaaaBaBBBaBBBaBaBBBBaBBaaaa 
aaaBBBBBaaaaBaBBBBBBaaaaBBaBBaaBBaaa 
aaaBBBaaaBfaBaaaBBBaBBaBBBBBBaaaBBaa 
BBaaaaBaBBiBaaBaaaaaBBBBBBaBBaaaaBBB 
BBaaaaaaBBBaBaaBaaBaBBaaaaaaBaBaaaa 
aBaBaaBaaaaaBaBBBBaaaBaBBaBBBBaaaBa 
— BBBBaBaBaaaBaaBaaBaaaaaaaBBaaaaB 

_ BaiaBaaaaiBBBBBaBBaaaBBBBBaaBaaa 

BBaaBBBBBBBBBBaBBaaBBBaaaaBaBaaaaBB 
aaBiBBBBBBaBBBaBBBBBBaBBaaBBaaaBBaa 
ZZZBBBaaaBBBBBBBBBBiBBBBBBBBBBBaaaa 
BBBBBBaaBBBBBBBBBaaiaBBBBBBBBaaBBBB 
BBBBaBBaaBBBaBBBBaaaaaaBBBBBBaBBBac 
BBBBaBaaBBBBBBBaaaaBBBaBBBBBBaaaaaa 
BaBaBBBaBBBBaaaBBBBBBBBBBaaBBBBaaBr 
BBBBaaBBBBBBBBaBBaiaBBBBBBBBBBBBBBL 
aaBBBBBBBaaaaaBBBBBBBiaaBBBBBBBBBaa 
aBBBBBBaaBBBBBBBBBBBaaBBBBBBBaaaBBa 
BBBBaaaaBBBBBBBBBaaaaBBBBBBBBaBBBBB 
BaBaaaBBBBBBBaBaBBBBBBBBBBaaaaBBBBr 
laBBBBBBaaBBBBBBBBBaaaaaaBBBBBaaar. 
laBBBBBBaaBaBBBBBBBaaaBBBBBBBBBBr.a 


BBBBBBaBBBBBBBBaBBBBBBBBBBa 
BBBBBBBaaBBBBBaBBaBBBBBBBr'' 
-BBaaBBBaBBBBBBBaBBBBBBBBI  _ 
aBaBaaBBBBBBaBBBBBBBBBaBBBB 
BBBBBBBBBBaaBBBBBBBBBBBBBBB 


BBBaaaaBBi 

■BBBBBBBBBBI 


■BaBBBBaBBBBB 
IBBBBaBBBBBBBaaa 
iBBBaBaBBBBBBaaa 


BBBBBBBBBBBaBBBilBaBl 

BBBBBBBBBBBBBBBtBBBl 

BBBBBBaaBBaBBBBBBaal 

BBBBBBBaBaBBBBBBBaal 

BBBaBaaBBaaaBaBBBaal 

BBBaBBBBaaBBBBaBBaal 

BBBBBBBBaBBaBBBBBBBl 

BBBBBBBBBBBBBBBBBBal 

BBBBBBBBBBBBBBBBBaBl 


BBBBBBBBaBBBBBBBaBBBBBBaaaaBBBBi 
BBBBBBBBBBBBBBBBBBaaBaaBBBB 
BaBBBBBBBBBBBBBBBaaBBBBBaaa 
BBBBaBBaBBBaaaaaBBBBBBBBBaB 
BaBBaBBBBBBBBBBBBBaBBBBaaBB 
BaBaaaBBBBBBBBBBBaBBBBBaBBB 
BBBBBBBaaBBaBBBaaaBBBBBBBBB 


BBBBaBBBBBBBBBI 
BBBBBBBiaaBBaat 
aBBBBIBiBBaBBBBBBBBl 
- BBiBBBBBBBBBBBBil 


BBBaaBBBBBBBBaBBBaBl 

BBBBBBBBaBBBBBBBBBBl 


BaBaBBBaaBBBBBBBBBaaBBBaaBa 

BBBaaBBaaBBBBBBBBBBBBaaaaaa 

BBBBBBBBBBaaBBBBBaBBBBBBBBa 

BBBaBBBBBBBBBaaaBBBBBBBBBBB 

BBBBBBBBBBBaaBBBBBBaaaBBBBa 

aBBBBBBBBaBBBBBaaBBBBBBBBaa 

BBBBBBBBBBBBBaBBBBBBaaaaBBa 

BBBBBBBBBBBBBBBaBBaBBBBBBBB 

BBBBBBBBBBBBBBaBBBBBBBBBBBB 

BaBBBaBBBBBBaBBBBaaaaBBBBBB 

BBBBBBBBBBBBBBBBBaaBBBBBBBB 

''IBBBBBBBBBBBBBBBaBBaBBMn 

-JBBBBBBaBBBBBBBBBBBBnllB 
BBBBBaBBaBBBaaaBBiailBliEa 
BBBBBBBBBaBBBBiBBBBBBlnaBB 
BBBBaBBBBaBBBBBBBBaBBBBaBBa 
BBBaaBBBBiBBBBBBBBBBBaBBBBa 
BBBBBBBBBiBBaaaBBBBBBBBBBBa 
BBBBBBBaBBBaaaaaaBBBBBBBBBr 
BBBBBBBBBBBBBBBBBaaBBBBBBr^. 
BBBBBBBBBBBBBBBBBBBBBaBBE<.B 
BBBBBBBBBBBBBBBBiaiBBBBn<.aB 
BBBBBBBBBaBBBaaBiBiBBBEr.aBB 
BBBBBBBaBBBBBBBBBBBaa’I'.aBBa 
BBBBBBBBBBBBBBBBaaBB'’^  .^'JBBBB 
aBBBBBBBBBaBBBBBBaaB.jBBBBBB 
BBBBBBBBBBaBBaBBBBV’^BBBBBBB 
BBBBBBBBaBBaBBBBB^'^aaBBBBBB 
BBBBaaaaaBBBBBBPZ'BBBBaaBBBB 
aBBBBBBBBBBBaaa^.ZaBBBaBBBBB 
BBBBBBBBBBBBBa^aaaaaBBBBaBB 
BBBBBBBBBBBM'/iaBBBBBBaBBBBB 
BBBBBaaBBBBi^.aaBBBBBBBBBaBB 
BBBBBBaBBB'n’'^aaBBBBaBBaaaBBaL. 
BBBBBBBaBR ;«BBBaBBaaBBBaBaBai 
aaBBaBBar^BaBaaaBBaaaaaaaaaai 

BBBBBBBauaBBBBBBBaBBaaBBBBBr 
BBBBBBP'^iBBBBBaaaBBBBBBBBBB 
aBaBa':'«BBBBBBaBaBBBBBBBaBBB 
BBaar JJBaaaBBBBBBBBBBBBBBaa 
BBBrjBBBBaBBBBBBBBBBBaBaaaa 
BBraBBBaaBBBBBBBBBaaaaBaBBB 
BraBaaBBBBBBBBBBaaBaBBBBBBB 
ZBaBBBBBBBBBBBBBBBBBBBBBBBB 
rBBBBBBBBBBiBBBBBBaaaaaBBBB 
BBBBBBBBaBBBBBBBBBBBaaaBaBB 
BBBBBBaBBBBBBBBBBaaBBBaBBBB 
BBBBaaBBiBBBBBBBBBBBBaBBBBB 
~~IBBBBBBiBBBBBaBBBBBBBBBBBB 


BBBBBBBaBBBBaaBBBBBl 
BaBBBBaaBaBBBaBaBBBi 
BEBBBBBBBBBBaBBBBBBl 
aBBBBBBBaBaBBaBBBaal 
aBBBBBBBaaaBBBBBBBrI 
BBBBBBBBBBBBBBBBBr^l 
BBBBBBBBBBBBBBBrzaBl 
BBiaaBBBBBBBBBPZ'JBal 
BBiBBBBBBBaaBP'^BBaal 
aBBBBBBBaaBBr^BBBBal 
BBBBBBBBaaa'' BBBaBaal 
BBBBBBB  JB-;-  JBaBBBBBl 
BBaBBBBBr  'BBBaB 
BBaBBBBExiaBBBiBBaaal 
BBBBBBBr.aaBBaBBBBBBl 
BHBBSiOaBBBBBBaaBBBl 
BBBB-^BBBBBBaBBBBBl 
'  '  IBBBaBBBBBBBaBl 
laBBBBBBBaal 
—  JBBBBBBBaaal 
IBBBBBBBBaaBBaal 
IBBBBBBBBaBBBBal 
BBBBBBBaaBBBBBf 
BBBBBBBaBBBBBii 

BBBBBBBaBBBBaal _ 

BaBBBaBBBBBBBaiaBBBl 
BBBBBBBBBBBaaBBBBBBl 
BBBBBBBBBBBBBBBBaaBl 
BBBBBBBaaaBBBBBBBBBi 
BBBBaaBBBBBBBBBBBaal 
BaaaaBBBBBBBBBBaaaal 
BnBBBBBBBaaaaBBBBBal 
BMBBBBaaaBBBBBBBBBBl 
BBBBBBBBBBBBBBBBBBal 
BBBBBBBBBBBBBBBBaaBl 
BBBBBBBBBBBBaaiBBBBl 
bbbbbbbbbbbbbbbbbbbI 

BBBBBBBBaBBaBBBBBBBl 

BBBaaBBBaaBBBBBBBBal 

aBaBBBaaBaBBBBBBBar 

BBBBBBBaBBBaaaBBBai 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBaaBI 

BBBBBBBBBBBBBaBaaBI 

BBBBBBBBBBBBBBBBBBI 


BBBBBBaBBaaBaaaBBBi 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBaaaBI 

BBBBBBBaaBBaBBBBBBI 


aaBBBBBBBBBBaBBBBBBBBBBBBBBBB':''.BBBB 
BBaaBBBBBaaaaBBBBBBBBBBBBaaa^flBBBBB 
BBBBBBBBaaBBBBBBBBBBBaaBaaBCiIBBBaaa 
BBBBBBBBaaBBiBBBaBaBaaaBBa''^tiflBaBBaB 
BBBBBBBBBaBBBaaBBaaBBBBBrZBBBBaaaBB 
BBBBaBBBBaaaaBaBBBBBBBBB'’^Z.BBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBB^BBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBB^BBBBBBBBBBBa 
aaBBBBBBBBBaBBBBBBBBB^BBaaaBBBBBBBa 
BBBBBBBBBBBBBBBBBBBB □ BBBBBBBBBBaBBB 
BBBBBBBaBaBBBBBBBBB:iBBBBBBBBaBBBBBB 
BBBBBBBBBBBBBBBBBIOlBBaaBBBBBBBaBaaB 
BBBBBaaaaBBBBaBBBiBMBaBBBBBBBaaaBBBB 
BBBaBBBBBBBaaBaiaaaaBBBaBBBBBBBBiBB 
—laaBBBBBBBaaB^.IBBBBBBBBBBBBaaBBBBB 


BBBBBBBaaV^raBBBBBBBBI 

- izraBBaBBaBaBB  _  _ 

^  ^aBBaBBBBBBBBBBBBBBBBaBBBB 

_ ^  ZBBBBBBBBBBBBBBBaaaBBBBBBBa 

BBaaarra.aaBaaaaBaaBBaaaBBaaaBaaaBBa 
aBBioikaHlaBaaaaBaaBflaaaBaaaBBBaBaBa 


jaaaaaBBBBBBaaBaaBBBBBBBBB 
BBBBBBaaaaBBBBBBBaaBBBBBBBB 
aaBBaBBBaaaaBaaaaaaBBBBaaaa 
~~iBaaBBBaaBBBaaBaaaBBaaaBBB 
_  jBBBBaaaaBaBaaaaaaBBaaaBBB 
BBBBaaBBBBBiaBaaBBBBBBBBBBBB 
BBBBBBBBBBBBBBBBBBBBBBBBBBB 
aaBBiBBaaaaaaaaBaBaaaBaaBBa 
aaBBaBaBBBaaaaBBBaaBBaaaBBB 
aaBBaBBBaaBaaaaaaaaBBaaaBBB 
aBBBBBBBaBBBBBBBBBaBBBBBBBB 
aaBaaBBBBBBBBBBBBaaaBBBBBBB 
aBBBBBaBBBBaaaBBBaaBBBaaBBa 
BBBBaBaBBBBaaaBBBBBBBaaaBBa 
aaBiaBBBBaaaBaBBBBiaBBaBBBB 
BBBiBBBaBBBBBBBBaBiBBBBBBr- 
BBBBBBBBBBBBBBBBBBBBBBBBBI 
aaBBBBBBaaBBBBaaBBBBBaaaaBB 


BBBBaBBBBBBBBBBBBBBBBBBaBBB 

BBBBBBBBBflBBBBBBBBBaaBBBBBB 

BBBBaBBBaBBBBBBBBBBBBBaBBBB 

BBBBaBaBBBBBBBBaBaaBBaaBBBa 

BaBaaBaBBaBiBBBBBBBBBBBBBBa 

aBBBBBBBBBBBBBaBBBBaBBBBBBB 


BBBBBBBBBBBBBBBBBBI 

BBBBBBBBaaBBBBBaaBI 

BBBBBBBBaBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BHBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBaBBBBBBBBBBBBBI 

BBBBBBBBaBBBBBBBBBI 

JBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBai 

BBBBBBBBBBBBBBBBBBI 

BBBBBBBBBBBBBBBBBBI 

■■■■■■■bbbbbbbbbbbi 

aaaaBBBBBBaaBBBBBBi 


BBB 

BBaaBBi 

BaaBBBi 


I 


_  . _ 

«■■■■■■■■■■■■■■■■■■■■  !■■■■■■■■■■■■■■■■■' 

■■■■■■■■■■■■■■■■ 

- 

JBaaaaBaaaaaaaaaaaaaaaaaBhaaajaaaBBaaBBBaaBBaa- 
laBBBBBBBBBBBBBBBBBaaBBBBBBBBBBaBB'^BaaBBBBaiiaBRBBBRBBBaaBBBaBBBaBlli: 

laBBaBBBBBBBBBBBBBBBBBBBBBBBBBBBB^BBBIBBiBBBilBBBBBBBBBaaBBBBBBB '  .  Bl  IBB|BBBBBBBBBBBBB| 
laBBBBBBBBBBBBBBBBBBBBBBBBBBBar  - 

laBBBBBBBBBBBBBBBBBBBBBBBBBBBr'; 


laBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB: 


^aaBBiBBaBBBBaaiBaBBBBBaaBBBBBBBBBi  BBBBBBaaBBBBBBaal 

_  laaBBBBiBaBBBBBiBBBaBiaaBBBBBBBBBBi  BBaBBBaBBBaBBBBBl 

iaBBBBBBBBBBBBBBBBBBBBBBBBBBB'.::.BBBBiaBBiBaBBBBaBBBaBBiBaBBBBBBBBBBI  BBBBBBBBBBBBBBBB^ 
IBBBBaBBBBBBBBBBBaBBBBBBBBBB'.<BBBBBBEBBBiaBBBBBBBBBaBBBaaBBBBBBBBBBIBBaBBBBBBBBBBBBa| 
iaBBBBBBBBBBBBBBBBBBBBBBBBB:^BBaBBB|BBBBBaBiBBaaBBBBBBBBaBBBBBBBBBB[  IRaBBBaBBBBBBBBal 
laBBBBBBBBBBBBBBBaBBBBBBBrBiBBBBBBiBaaBBBfifBBaBBBaaBBaaBBaaBBBBBB.IBBBBBBBBBBBBBBBI 

laBBBBBBBBBBBBBBBaBBBBBr.r.BBiaaBBBBBBBaBBBBBBBBaRaBBBBBBaBBBaBBBBBBBIBBBBBiBBBaBBI - 

laBBBBBBBBBBBBBBBBBaBBBJ'^BBBaaBBBaBBBaBBBBiBBBaaiiaiaBBaBBaaBBBBBBB  IBBBBBBBBBBBBL_. 
laBBBBBBBBBBBBBBBBBBBP’^BaBBBBBBBBBBBBBBBBBBRaaaBBBaaaaaaBBBaBBBaBBB  IBBBBBBBBBBaBBaU, 
IBBaBBaBBBBBBBBBBBBBr^BBaBBBaBBBBBBRaBBaBBaBBBBBBBBBaaBBBBBaBBBBBBBlIBBBaBBBBBaaBBBBl 
IBBBBBBBBRaBBBBBBaB^^BBBBBBaaBaaBaBBBBBaaBBBBBBBBaBaBBBBaBBBBBBBaBBlIBBBBBBRBaaaaaaBl 
IBBBBBBBBBBBBBBBB’:*  BBBRBBBaBBaBaBBBBBiaaBBBBaBaaRBBaBBBBBBBBBBBBBarzaaBBBBBBBBBBBBB: 
IBBBBBBBRBBBBaBBR.ZJBBBBBBBBBaBBBBaBaaBBaaaaBaBBaBaBBaBBBBBBBBBBBBBl.ZBBBBBBBBBBBBRBBy 
IBBBBBBBBBBBBRBF:i>:iBBBBBBBBBBBBBBBaBBaiBaaiBBBBBaBBaaBBBBBBBBaBBBaBBIIBBBBBaiBBBBBBBBl 
IBBBBaBBBBaBBBSrifliBBBBBaBBBBBBBBaaBRaiiBaBaaBBBBBBBBaBBBBBBBBBBRBBBlIBBBBBBBBBBBBBBal 
IBRBaBBBBHBBSB^faBaBBBaBBBBBBBBBBBBBiaBBBBBBBaaaBBBBBBBBaaaBBBBBBBBI  BBBBBaaBBBBBBBB 
iaBBBBBRaBBB~''4iiBBaBBBBBBaBBBBBaBaBaaBBBaBRBaaBaBBaRBaBaBBBaBlBBBBBI  BBBBBBBBBBBBBBR 
Z^JiBBBBBBBBBBBBRaBBBaBBBBBBBaBaBaaaBaaaaBBBBBBaBBaBaaaBI  BBBBBBBBBBBBBBB 
laliBBBBBBBaBaRBBBaBBBRBBBBBBBBaBBaaBBBaBaaBBaBiaaBBaaaBI  aBBaaaBBBBBBaBB 

- ^BaaaBBaaBBBBBaBBBBBBaaaaaBBBaaaaBBBBBBBBBBaBBBcii  BBBBBBBBBaaaaaB. 

_ ^aaaaaBaaBBBBBBaaaBaBBBBBBBBBBBBBBBBBBBaBBBaaBBM«BBBBBBBBBBBaBBBP 

BBBaaBaaaaBBBBBBRBaaaaaBaaBBBBBBBBBBaaaaaaBBBBBaaBBi aaBBaaBBr - 

,.„________BBBBBBBBaBBBaBBBBBaBBBBBBBBBaBBBBBaBBaBaBBaBaBBBBBBI  BBBBBBBBI. 

IBBBC'.BaaBaBBRBBBBBBBBBBBBBBaaBBaaBBBBBBBBBaaaBaBBBaaBaBBBBBaBBBBBBIIiaBBBBBBII 
IBBR^.aaaaBaaaRBBBBBBBBBBBBaaBBBBBBBBBBBBBaaaBBBaBaBBaaBaBBBaaBRBBBBi  a  L;  BBaaBBlI 
laR^aBBBBaBBBBBBBBBBaBBBaBaBBBaBaBBBBBBBBBBBBBBBBBBBBaBBBiaaaBBBBBBBBaBBBBBBlI 
I’^'.BBBBBBBBBBBBBBBBaBBBBBBBBaBBBBaBBBBBBBBaBBaaBBBBBBBBBBBBaBBBBBBBB  BBBBBBBBI' 
^.^JBaBBBBBBBBBBBBBBaBBBBBBBBBaBBBBBBBBBBBBaBBaBaaaaBaBBBBBBBBBBBBBBBBBBBBBBBlI 
laBBaBBBBBBBBBBBBaBaBBBBBBBBBBBBBaBBBBaBBaBBaBaBBBaBBaaaBBBBBBBBBBBBaBBBaaBBlI 
laBBBBBBBBBRBBBBBBBBBBBBBBBBBBaBaBBBaaBBBaBBBBaBBaaaBBaBBBBBBBBBBBLIIBBBBBBBBlI 
IBaBBBBBBBBBBBBBBBBBBBBBBBBaBBBBBBaBBaflBaBaBBBBBBBBBBBBBBBBBBBBBBBBB  BBBBBBBBlI 
laBBBaBBBnBBBBBBBBBBBBBBaBBBaBBBBBBBBBBBaBaBBBBBBaaRRBBBBBBBBBBBBBBBBBBBBBBBlI 
■BBBBBBBBlIBBBBBBBBBaBBBBaBBBaRBBBBaBBBBBBBBBBaaBBBBaBBBaaBaBBBBBBBBBBBBBBBBBir 
IBBBaBBBaBBaBBBBaBaBaBaaaRRBBaBaBBaBaaaBiaiBBBBBeiBBBRaaaBBaiiiBBBBB  BBBBBBBBI 


IBBBBBBBBpSSanBBBBBI 
IBBBBBBBBBMBBBBBBBBI 
IBBBBBBBPMBBBBBBBBBI 
IBBBBBF'^  dBBBBBBBBBBBI 


IBBBBBBBBBBBBflBBBBBaBBBBaBBBaaBBBBBBaBBBaaBBBBaBBBBaBBaaaBBBBBBBBaBBBLlIBBBBB 
iBaaaaaBBBaBBBBBBBBaBBBaaBBaBBBBaaBaaaaaaBaaaaBaBBiaaaBBBBBBBaBBBBBBBiBBBBaBBL, 
■BaBaBBBBBBBBRaBBBBBBBBaaBBBaBBaaBBaaaaaaaBBaaaaaaaBBaBaaaaBBBaBBBBBiBBBBaBBi 
■BBBBaaaaBBBBBBBBBBBaBaBBBBBaaBaBaBaaBBBBaaaaaaBBBBBBaaBaaaBRBBaBBBB  iBaaBaaBiL 
laBaBBBBBBBaaaaaBaBaaaaaBBBBBBBBaaBBaaaaBBBaBBaBBBaaBBBRBBBBBBaaaaaa  ■bbbbbbbi| 
laaBaBBBaBaaaBBBBaaBaaaBBBaaaBBaaBBBBBBBaaBBaBBBBBBBaBBaBBBBaBBaBaBi  laaBBaaBil 
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Figure  38  AN/TRC-56  Multiplex  Channel  Phase  Response, 
Channel  24,  B  to  A 


igure  39  Trans mit-Receive  Assembly,  Block  Diagram 
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Figure  40  Transmit-Receive  Assembly,  Schematic  Diagram 


NOTES: 

1.  RCFCNCNCE  OESWNATIONS  *NE  ANMVIATEa  PMFIX  THE  APfROPNIATE 
NEFERENCE  DCSNNATION  FROM  THE  TARLE. 

2.  UNLESS  OTHERWISE  WOKATEO  ALL  RESISTANCE  VALUES  ARE  IN  OHMS. 

ALL  CAFACITANCE  VALUES  ARE  IN  MICROFARADS.  K  INOKATES  THOUSANDS 
OF  OHMS.  UUF  INDICATES  MICROMRROFARAOS,  H  INDICATES  HENRIES. 

MH  INDICATES  MILLMENRCS. 

S.  «  DENOTES  NEAT  StW. 

4.  ALL  TRANSISTORS  ARE  2NISI3. 

5.  CRS,  CR4.  CRS,  CRS. AND  CRT.  CRS,  CRS,  CRIO  ARE  INDIA  DIODES  IN  MATCHED  QUADS. 
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Figure  40  Transmit-Receive  Assembly,  Schemat 


ESMNATtONt  ARC  AttMEVIATEOi  PRCFIX  THE  AmiOPfllATC 
ESMNATION  PROM  THE  TAiLC. 

RWISC  MOICArCO  AU  RESISTANCE  VALUES  ARC  IN  OHMS. 

NCC  VALUES  ARC  M  MICROPARADS.  K  MDICATCS  THOUSANDS 
r  INDICATCS  MICROMICROPARAOS.  H  mOKATCS  HCNRCS, 

MILLIHCNRCS. 
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».  CRS,  AND  CRT,  CRS,  CRS.  CRK)  ARC  INfl4  DIODES  IN  MATCHED  QUADS. 


VOICE  CHANNELS 


DATA  CHANNELS 


CHANNEL  I  2  S  4  S  S  7  8  9  10  II  12  IS  14  IS  IS  17  IS  It  20  21  tS  23  24 


■BBiiiiiiBiiiiiieEioiiiiBBnnBonnn 


■  r 


II  I!  I!  I!  I!  I!  I!  I!  I!  I!  11 II II II 1 1 II II II II II I II II 


SHEET  2  OF  2 


Figure  40  Transmit-Receive  Assembly,  Schematic  Diagram 
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Figure  41  Transmit-Receive  Functions,  Simplified  Block  Diagram 
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Figure  42  Reference  Modulator,  Analogous  Circuit 


6  looy*  MOO 

Figure  43  Reference  Modulator,  Simplified  Schematic  Diagram 
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Figure  44  Theoretical  Frequency  Spectrum  of  Reference  Modulator 


Figure  45  Frequency  Response  of  150-kc  Reference  Modulator  Filter 
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Figure  46  Frequency  Response  of  150-kc  Reference  Modulator  Filter 
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Figure  47  Desired  Channel  Modulator  Output 
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Figure  49  Channel  Modulator  Switching  States 


129 


i;5ure  50  Theoretical  Output  of  Ring  Modulato 
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Figure  51  Frequency  Response  of  Voice  Channel  Filter,  8bU  Kc 


igure  54  Frciquency  Response  of  Data  Channel  Filter:  550  Kc 


gure  55  Frequenv;y  F.t;:  o;  F'r. v  -  -a cent  Chanr.--;  I-'ilters 
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CARMEf^  OFF 

|PM*He  OFF 
jN00i<  CAA-i 

[off  on  off  on  j 

1  CAFRiCR  I 

caafiir 
Ion  ^rAuK 

Figure  60  Dialing  Sequence 
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l.liePEIieNCE  OetlONATIONS  ARE  AMREVIATED, 

PREFIX  THE  OESMNATIONS  WITH  IA28. 

E.UNLESS  OTHERWIW  NOTED  ALL  RESISTORS  ARE  IN  OHMS, 

K  INDICATES  lOOD  OHMS, ALL  CAPACITORS  IN  MICROFARADS, 

UUf.  INDICATES  MICROMICROFARADS,  ALL  INDUCTORS  IN  HENRIES, 
MH  INDICATES  MiaiHENRIES. 

3. ALL  TRANSISTORS  ARE  ENISIS 


A 


■OTTOM  VIEW 


WIRINO  OIAORAM  FOR 
RELATE  MAKE 


O  O  O 
I  2  3 


BOTTOM  VIEW 


WIRING  DIAGRAM  FOR 
RELAY  K3 
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Figure  61  Signaling  and  Termination  Assembly,  Schematic  Diag 
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Figure  62  Signaling  and  Termination  Assembly,  E&M  Dialing, 
Block  Diagram 
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Figure  63  Signaling  and  Termination  Assembly,  AC  Ringdown, 
Block  Diagram 
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'igure  64  Carrier  Generator,  Block  Diagram 


-08S0KC  5  STA9E  ACTIVE  FILTER  lAM 
-OSOOKC  3  tTA8E  ACTIVE  FILTER  lAM 
-O  SSOKC  3  STARE  ACTIVE  FILTER  lAM 
-O  IMC  3  STASE  ACTIVE  FILTER  lAM 
■OI.0SMC  3  STASE  ACTIVE  FILTER  IAt< 


REFERENCE  DESIGNATIONS  ARE 
ABBREVIATED.  PREFIX  THE  AP¬ 
PROPRIATE  REFERENCE  DESIG¬ 
NATION  FROM  THE  SUBASSEMBLY. 


ALL  RESISTOR  VALUES  ARE  OHMS  UNLESS 
OTHERWISE  MARKED. 

K'lOOO  OHMS 

ALL  TRANSISTORS  ARE  ZNISIS'S. 

ALL  CAPACITORS  ARE  MICROMICROFARAOS 
UNLESS  OTHERWISE  MARKED. 

JUF  INDICATES  MICROFARADS. 

MH  INDICATES  MILLIHENRIES. 

•  COMPONENTS  VARY  WITH  FREQUENCY  SEE 
PARTS  LIST. 

C-I2,I3,I4  ARE  USED  WHERE  NEEDED  TO  EX¬ 
TEND  TUNING  RANGE  OF  C-4,r  AND/OR  9. 

C6  AND  RB  ARE  USED  ONLY  ON  THE  ISOKC 
TWO  STAGE  ACTIVE  FILTER  CARD. 


ITAGE  ACTIVE  FILTER  IA26A3 
ITAGE  ACTIVE  FILTER  IAZSA4 
ITAGE  ACTIVE  FILTER  IA2SAS 
ITAGE  ACTIVE  FILTER  IA2GAS 
ITAGE  ACTIVE  FILTER  IA2SA7 
ITAGE  ACTIVE  FILTER  lAZSAS 


ITAGE  ACTIVE  FILTER  IA2GAIO 
ITAGE  ACTIVE  FILTER  IA2CAII 
ITAGE  ACTIVE  FILTER  IA2GAI2 
ITAGE  ACTIVE  FILTER  IA2GAI3 
ITAGE  ACTIVE  FILTER  IA2GAI4 


Figure  65  Carrier  Generator,  Schematic  Diagram 


h 

3 

M> 


146 


66  Harmonic  Generator  Output  Spect; 
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Figure  67  Metering  and  Test  Facility,  Block  Diagram 
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MOTES 

HEAT  SINK  IS  USED 
01,  02,  OS  ARE.  2NISIS 
UNLESS  OTHERWISE  STATED, 

all  resistors  are  in  DHMS. 

ALL  CAPACITORS  ARE  IN  MICRO¬ 
FARADS. 


REFERENCE  DESIONATIONS 
ARE  ABSREVIATED.  PREFIX 
THE  DESIONATIONS  WITH  IA27A1 


Figure  69  Baseband  Amplifier,  Schematic  Diagram 


149 


‘iglsl 


liiliii 


III 


a_=  =  S  =  Ei 


11  =  =  =  =  i=s=gs^»SgS  ii 

=  =  =  a  •  ssSgssEgfeDss:' 

11*^115111111^11 


SSSSairv 

Ksma&^sssxs: 

gSSi$|g;3| 


«.s=:sse 


lllggri 


iitrS! 


HRESlsliS^li 

iB»:=5X| 


^33 


li||||i3l;|||A| 

|||S|p||||%| 

jilhil*i|i:?| 

sJs=i:2r^“='=^® 
“issr^' 


isSsi 


Si 


in 


■BlSi 


SS 


■■■■■I 

8sat 


■■■■ 


::^E 


iisi 


iMiiiii 


liiiiiiiiiiiiiiiif 

- 


liiiii-3 


si=§isssii 

l5S! 


S  =  C=3D  =  ZS 

bSSkcss 


tm 


INSI 


ill 


iliiiiiiiiii"  ' 
iiliiiiiiiiii 
liiiiliiiiiil 
~|ii§ipigiiiiiiiiir' 

^^^||l|lllil|i|liiiii 

figsEssgSsillEssE 
IS58saB8BssisiisEssi=i 
"  "IBSSSSSSSSSBSSSSSS 

.XhiBSSBSSSSSS 

iHBKSBBiiSBBBB 

IBBilSSSSBggigBSiEB 

liliiiiiiiiiiiiii 

liiiiiiiiiiii 

gisssiiiiiss 


__JSS!S8tlB@§g| 
IBSiggiigigiii 
iiis§iiii=liii  . 
liiSiiiSsSiil 


aai  =  iiS  =  S  — 3SS=  =  =  , 
cB==35aSaE33==] 
■ggpag^ggppgBSBsgt 


CS3SS 

IS8SSI 


«  Ul 
.:3 
Of 


! 


sai 


|s3SE^=s=ss:=3ggiBiiBiBsgsii||||||||||||||||ii|||||||ili|i||ggiiiiifi 

liiiiiiiiiiiiiiSiiiSir 


iisi 


iBiSSlliaiiaSlsillasai 


eBSS 


iis^IgSii 

iiiiiiglSa 

IssSSSr 

liisiis 


II 


SSiili 


sasl 


ssaBSsal 


igure  70  Freqxiency  Response  of  Baseband  Amplifier 
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figure  72  Multiplex  Power  Supply,  Schematic  Diagram 
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SO  •  60  ept 
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Figure  73  Multiplex  Power  Supply,  Block  Diagram 


Figure  76  Baseband  Output  Level  Vs.  Received  Carrier  Level,  Unit  No. 


Figure  77  Baseband  Output  Level  Vs.  Received  Carrier  Level,  Unit  No. 
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■aBBBBIIIIIilllllllliniilHIIIIIIIISItlllllMllliinilll 

■aaBBBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiiiiin 

■aBBBBHIIMIIIIIIIIllitttiillllllllllllllllllllinililil 

IBBBBBiiiiiiitiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiinni 

■BBBBBiiiiilaiiiiiiiimHniiiiiiiiiiiiiiiiniiiiiiniii 

■BBBBBfMliilllllllllklllliiailllllllllllinilllllilhill 

■BaBBBIIIIIHIIIIIHIIIIIIilllllllllllinillllllllltlllll 

■BBBBBMiHiiiiiaiaifHUiiiaiiiiiiiiiiiiiiiiniiiitiiiii 

■BBBBBMManiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiniii 

■aaBBBiiiiiniiitiiiiitMiitiiiiiiiiiiiiiiiiiiiiiinniii 

■BB^BaBaHHPIlllllMilillMllllllllllllllllllllllilinil 

■BBaBBIIIIIIkillltiiiiMM.. -Ill' OhiiiiiMin 

. . 

■aaaaHiiiiiiiiiiiiiiitHtitiiiiiiiiiiiiiiiiiiiiiiiii!iii 

■BaBBBHiiaiiaiiiiiHiHtiiiiiiiiiiiiiiiiiiiiiiiMiiiiin 

■BBBBBiaiiMaiiiiiiiiiitmiiiiaiiiiiiiiiiiiiiiiiiiiiiiii 

■BBBBBIIIIIIiaiailllllllltllMIIIIIIIIIIIIIIIIIIIIIIIIIII 

■BBBBBHiMMiiiiiamniiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiii: 

■aBBBBiiiiiiiiiaiiimiliiiiaiiiiBiiiiiiiiiiiiiiiiiiiiiir 

BaBBBaMHiniiiiiaiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiit 

■BBBBBBiiinaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiintit 

■BBBaMiiiiiiiiaiiiiiiiiiiiiiiiiiiiiiiniiMiiiiiiiiiiiii 

■BBBBBniiiliiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiii 

■BBflBBBIIIIIIIIIIIHIIHIIIIIIIIIIIIIIIIliiinilllllillll 

BBBaBBMmaiiiiaiiaiiniiiiiaiiiiitiiiiiiiiiiiiininiii 

■BaBBBBIIIIIIIIillllillHIIlUIIIIIIIIIIIIIIIIIIINIIilll 

■BBaaBiiiiiiailiiliiiiiiiiiiiiiiiiiiaiiiiiiiniiiiiiiiiii 
■BaBflBMiliiiiiiiiiiiiiMiiiiaiiiiiiiiiiiiiiiiiiiiiiniii 
■aaBiBBiimiiiitiiiiiJiiiiiiiiiiiiMiiiiiiiiiiiiuiiiiii 
■aafliBMiliiiiitiiiiiiiiiiiimiiiiiaiiiMiiiiiiiiiiiinii 
■BBBflBBiiiiiiaiiiiiiiitiiiiiiniiiiiiiiiiiiiiMiiiniiiii 
■BaBaMiiiiiiaiiiiiiiiiiiiiiiiaiiiiiiiiiiii  iiiiiiiiiiNi 
■BaaBBUiMiMiaiiiiiiiiiiiiiiiiiiiiiiiiiiiliiiiiiiiiiiii 
■BBaBMIHIIIIIIIIIIIIilllllllllllBaillllllllMllilllllin 
BBBBaflHiiiiiiiaiiiiiiiiiiiiiniiiiaiiiiiiitiMiiiiiiiiM 
■BBBBBIIMIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIItlllllliMIII 
■BaBflBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiii 
■BaBBMIllllllliailllllMIIIIHIIIIIIIIIIIIIIIIIIIIIIIII); 
■aaBBUiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiti 
■aBBaBiiNmiiiiiiiiifiHiiuiiiiiiiiMiiiiiiiiiiiiiKn 
■aiBaMiitiiiiiiiiiiaiHiniiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
■■■■■aiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiitiiii 
■aBaBHiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiniiiiiiiiiiiniii. 
■aaBaaMmiMiiiiiiiiiiiiiiiiNiiimiiiiiiiiiiiiiiiiiii 
■aaaaiHiiliiiiiiiiiiiiiiiiiiMiiiimiiiiiiiiiiiiuiiiii: 
■aaaaBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiMi 
■aaaBBiimitiiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMii 
■BaBaBiiiiiiiaiiiiiiiimiiiiiiiiiiiiiiiiiiHMiiiiiiiiii 
■BBBBiiiitiniiiiiiiiitiiiiiiiniiiiiiiiiiiiiiiiiiitiiiii 

BBBBaBMinillllliaiflllllHIIIIIIIIIIIIIIIIMIIIMIIIhl' 

■BaBBBIIIIIIIIIIIIIIIIIlllllllllBIIIIIIIIIIIIIIIIIIIIIIII 

■BBB»lllimillllllllllllllllllllllllllllllllllllllliltli 

■BBBBBIinMIllllllHIIIIMIIIIIIIIIIIIIIIllllllllltnill 
■BBBBBIIIIIIIIIIIiailllimilllllllllllllllllHIHIIIIIII 
BBBBBBiiiiiiniiiiaiiiitnniifiiiiiiiiiiiiiiiiiiininii 
■BaBaBiMiuiiiiiiiiiiiiHHaiHiiiiiiiiiiiiitiiiiiiniii 
■BBBBBIIIIMIIIIIIIIIIltlinilllllflllllllllllliniili  < 
BaBBaBiiiiiiiiiiiiiiiiimniiiiiiiiiiitiiiiiiiiiiiiiiiii 
■BBBBBiimiiiiiiiiiiiiiHnaiiiiiiiiiiimiiiiitiniiiiiii 
BaBBBBiiiiiniiitiiiiiiiiMiiiaiiiiiiiiiiiiiiiKnniiiii  I 
■BBaaBMiiiHiiiiiimiiiiiiiiiiiiiiiiimiiMMiuiiiiii  I 
■BBBBBMIllHIflMllliltinillllllllllllllllMlllllUUIIil 
■aaaaHiiiiMiiiiiiiiiHitiiaiaiiiiiiiiiiiiniiiiiiriiMiii 
■BaaBBiiiiiiiiiiiiiiiiiiMniiaiiiiiiiiiiiiiiiiiiiiiiiiHii 
BBBaaBMiMimiiHHimiinaiMumiiiiimiiwiHHil 


■BBBBBBII 
■  BBBBBail 
■aaBBBBii 


BiBBBBBBiailili 

■■BBBilllllili 

■BBBBiBBIiail 


laBiiiaiiiiiiiiiiHiiinii 
iBBaaiaiiiiaiiiitiiMMiii 

BBBBBBiiifiaiiiiiiiiiiiiiinn 
BBaBBiiiaaiiiiiiiiiiiiiiiiin 

■BaaBiiiiiiiiiiiiiiiiiiiiiiii 

■aBBiiiiiiiiiiiiiiiiiiiiiiiii 

■BBSHIIIIIIIIIIIIIIIIinilli 

- BBBBCIIIIIIIillllllllllll 

BiBiailllllllllllllllllll 

aiiiiiiiiiaiiiiiiiiiiiMi 

■■11111111111111111111 

iP  talllllllllHiii 

BiBaBBi^^^iiaiiiiiiiiiniiiiiit 

■■BBaBii^aaiit.:**iiiiiiiiiiii 

■BBBBa^i^iaiiiiiiii 

■aaaBa^i^iiiiiiiiiiiiiiiiiiin 

■■BBBa^^^^aaiiiiiiiiiiiiiiiin 
■■BBaa^^^iiiiiiiiiiiiiiiiiMti 
■BBBBB^^^^IIIIIIIiaillllllllll 
■■BBBB^^^^IIIIIIIIIIIIIIilMII 
■■■■■IIIIBIIIIIIIIIilllll 
■■■■■■IIIIIIIIIIIMHIIII 

lllllllllllinilll 

llllllllllllllllll 

■■Baai^^^iiiiiiiiiiiiiiiiiini 

■BBBBaaaaiiaiiiiiiiiiiiiMiiii 

BiBBBBaaaifliiiiuiiiiiiiiniMi 

■BBBaaaaaiiaiiHiiiiiiiiniiii 

■■BBBaaaaaiiiiiiiiiiiiiiiiiiii 

■■■BBaaaaiiiiiiiiiiiiiiiMiMi 

■■BBBiaaaaaaiiiiiiiiiiiiniMi 

■■BBBaaBaiiaiiiiiiiiiiiniiiii 

■BBBBBaaaiaaiiiiiiiiiiiiiMiii 

■■BBBBaaaaiiRaiiiiiiiiiiHiiii 

■■■BBaBaaaiiiiiiiiiiiiiiititii 

■■BaBaaaiaiaiiiiiiitiiiiiiiiii 

■■BBBBBaBBiailllllllllllMllil 

■BaBBiaaaBiiiiiiiiiiiiiiHnii 

■■■■■■■iiiiiiiiiiaiiiiiiHHii 

■■■■■■iBBiiaiiiiiiiiiiiiititii 

■■■■■■■■■iiiiiiiiiniiiiiiiiit 

■■■■■■■■■■•iiiiiaiiiiiiiMiiH 

■■BaBBBaaaiiiiiiiiiiiiiiMiiit 

■■■■BBBBBaNIIIIIIIIMIIIlllll 

BiMBBaaaaaBiiiiiiiiiiiiiiiiMt 
■■BaBBaaaiiiiiiiiiiiiiiiMiiii 
■BBBBBBBBBailllllllllMtlllMI 
BiBaBBBaaaBaiiiiiBiiiiitiiiiiii 
■■BBBaaaaaiiiiiiiiiiiiiiiiiiii 
■■BBaBaaaBiiiiiiiiitiMiiiiiii 
■■■■■■■■■■■■IIMIIIIIIIIIIIIII 
■BBBBBBBBBBIIIIIIIIIIIIIIIIIII 
''-^■BBBBaaaaaimiiiiiiiiiiiiiii 
MBBBBBBaaBIIIIIIIIIIIIIIIIIIII 
■■BaaaBaaiiiiiiiiiifiiMiiiiii 
■■flBaaaaaiaiiiiiiiiiiiiiiitiii 
^■■■■■■■llllllllllllllllll 
l■■■■i■■llllllllllllllllll 
■■■■■■■111111111111111111 
l■■■■■■■IIIIIIIIIIIIIHIH 

I  ■■■■■■llllllllllllllllll 
■■■■■■■iiiiiiiiiniHiii 


lllllllllillllllIMt 

iiiiiiiiiitiiiiinii 

iiiiiiiiiiiiiiiini 

iiiiiiiniMiiiini 

IIIIIIMIIIilllll) 

iiiiiiiiiiiHiiini^ 

iiiiiiitiiiiMiiiiii 

iiiiiiiiiiiiiiiinn 

lllllllllllllllllil: 

lllllllllllllll!lll 

itiiiiiiiiltilintii 

iiiiiiiiiiniiiinii 

iiiiitiiiiiiMiini 

iiiiiiiiiiiiiiiini 

llllltllllMlllli 

iiiiiiiiiiiiiiiiiiit 

iiiiiiiiiiiiniinn 

UIIIIIIIIIIIIIMtli 

•iiiiitiiiiiiiiiiii! 

*lillllllllM!ll'i' 

I  iittiiiiiiiiinn 

iiiiiiiiiiiiMinn 

ir  iiiiiiiiiiiitiii 

ii. iiiiiiiiiiniiii 

III  iiiiiiiiiiiii) 

iii. .'iiiiiiiiniin 
iiir  uiiiiiiiiini! 
nil  iniiiiiiMii 
lllllllllilliniin 
linn  Mininiii 
iiiiu  niiiiiiMi 
iiiiiiii  liiiiMii 
iiiitiiit  ntiiiiii 
iiiitiiii  >1111111 
llllllllll  HIM 
lllltlllll;i  liMlii 

iiiisiinii  itiii! 

Illllllllll'  '  HIM 

iiiiMiiiiii.i  iin 

IIIIIIIIIMII-i  ll< 
lltllilllllll  I  H 

tiiiliiiiiiiiiiii  i.in 
liiliiiiiiiiiii:  1 1 
~  iiiiiiiiiiiiiii  I) 
iiiiiiiiiiiiin  11 
iiiiiiiMiiiint’ii 
IIIIIIIIIIIMIII  II 
llllllllllllllllil' 
lllltllllllllllll  I 
iiiiiiiiiiiiiiiii  n 
iiiiiiiiiiiiiiin.i 
tlliMiiiiiiiiiiii  1 1 
llllllllllllllllll  II 
llllllllllllllllll  M  I 
lllllllllllllllllil 
IIIIIIIIIIMIIIIIII  II. 
llllllllllllllllll'  II 
lllllllllllllllllil  II 

iitiiiiiiiiiiiiiiii  n 

llllllltlllllliMM 
iiiiiiiiitiiiiiiiit  n 
llllllllltllllIMM 

lliiiiiiiiiiiniiii  1 1 
iiiiiiiiiiiitiinu  1 1 

IIIIIIIIIIIMIISill 
lllllllllllllllflllll  I 

lllllllllililliiinni': 
iiiiiiiiiiiintHiiiit  t 

iiiiiiiiiiiiiiiiniiii 

iiiiiitiiiiiitiiiiiiitiii] 


Figure  78  Frequency  Response  of  Low-Band  Radio  Without  Pre- 
and  De -emphasis 
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■■■■■■■■niiiiiiiitiiiiiiiiiiiiiiiiiiiiiiniiiiiiMiMiiini 

■■■■■PfflllllllllllllllllliUtltlllllllllllllNIiniMIIIMil 

. . . 

B  ■■■■■■■1111111111111111111111111111111111111111111111111111 

■■■■■■■■ 

■ITH^^^^illlllllllllillllllllllllllllllllllllllHIItlltlfllil 

■■'^■■■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiliimiHiiiiiiii 
[■■■■■■■r  JiiiifiiiiiiiiniiiiHiiiiiiiiiiiiiiiiiiitmHititii 
_ _ _ l■il■l■l■lllllllllllllllllllllllllMlllllitllmilltl>l 

{■^■■■■■illlllllllllllllllllllllllllllllllllllllllllllMlllil 

■  •■■■■r'liiiiMiiiiiiiiiiiHiiiMiaiiiiiiiiiiiiiiitiiMmfii 

■■■■■■■  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiimii 
-MaaaaaiimiiiiiiiiiiiiiiiniiiiiiiiaiiiiiiiiiiiiiKiiiHii 

8  ■■■■■■!  llllllllllllllllllllM||||ll||||IM|PMM|Hflil<il 

■  ^■■■■c 51  Jill •  f  •  m 

saaaaaii  iiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiMMiNitMiiii 

Sm  *■■■■■■!  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiniiiimi 

■^l■■■■■illlllllllllllllllllllf'^P••|l^llll  /  t  MMIHI 
■■■■■■■■lllllllllllllllllllllllllilHlIllllllllIlKmilHlI 

— ■■■■■■^•iiiiiiiaiiiiiiiiiiiiiiimaiiiiiiiiiiiiiiiiiMiiiMii 

i<•■■■■■illlllll•llllllllMlMl:4:sllH.'t  4  ^ii  n;  iiiiii 
■■»:  ■■■■■■!  IIIIIIIIIIHIIIIMIIIIIIIIIIIIIIIIIMIMlimilllii 

■■caaaaaiiMmiiiiiiiiiiiiiniiiiiiiiiiiiiiiMiiiiHiiiiiiii 

■■saaaaMiiiiiiiiiiiiiiiiiiiniiiiiiiiaiiiiiiiiiMiHiMiiifi 

■■^■■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiiMiiiiiiiMiiiii 
■■i*aiaaaiiiiiiiiiiHiiiiiiiiniiiiiiiiiiiiiiiMMiiiiiiiiiifi 
■■  I  «■■■■■■!  llllllllll•llllllllllllllllllllll•IMIII(llllilli!l 
■■■■■■■■illlllllllllllllllllHIIIIIiliaillllllllMlllliilllii 
■■■■■■■rJi  llll■lllllllllllll^■llllilmllllllllllll(^ml 
■■■■■■■■ii  iiiiiiiiiiiiiiiiiiMimiiiiiiiifiiiiiMiniHiii!i 
■■■■■■■■■iiiiiiiiiiiiiiimiitHiiiiiiiiiiiiimMiiiniiMii 

.jHHaiaaaiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiHMiiiiiiiiiii 

l■■■■■i■L:JI  IINIIIIIIIIIHIIIMIIIIIIIIIIIIIIIMIIIIIIMMlitl 

■■■■■■■■il  . . 

■■■■■■■■illllllllllllllllllllllllllllllllllllllllMlltIflllll 
■■■■■■■■■I  l■ll■•lllllllllllllllllllllllllllllMlllMll[mlll 
■■■■■■■1:  II IIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIMIUIIIIIM 
■■■■■■■■■I  ■ll•••lllllllllllllll■■llllllllnll^lllmrHlUl| 
nHHaaaaaii  iiiiiiialiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiniiM': 
■■■■■■■■iiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiininrim'i  i 
i■■■■■■■illlllllllllllllllllll■ll•lllllllllll^lllliMlilllll 
■■■■■■■■■I  IIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIHII 
■■■■■■■Ii  *  I  ■l•■llllllllllllllll■l■lllllllMllllllllm^lMlll 
■■■■■■■■il  llllllllllllllllll^l■llllllllllllllllllllMi>l^ll 
■■■■■■■■■I  iiiiiiii|iiii|iHiiiiiiiiiiiiiiiiiiiiiiiitMiimii 

- iiiimiililiiiiiiiiiiiiiiiiiiiiiiuiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiihiiiihih:i 
iiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiitiMiii 


|■■■■■■■■■l  I 

S ■■■■■■■■!  I 
■■■■■■■■1 1 


■■■■■iiaiaiiiaiiiiiiiiiMiiiiiiiiiiiiiiiiiiMiiMiniii  ■■■■■■■■■■llllllalllitlllnlll■llllllllllltllt.1  < 
■■■■■liiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiimHii  ■■■■■■■■■■■l•lllllll:lllliltl!llllMlll1lnlllM  < 

!■■■■■l■■llllllllllllilillil■■lllllllllllHlHllllllltll  ■■■■■■■■iiiiaiitaikiihiiiiii  ■biiiiiiiiiiMi'' 

■■■■■l■■llllllalllllllilll■l■lllllllllll>lllllnllHlH  ■■■■■■■■■■1111111111111111111  iiiiiiiMinMiii 
!■■■■■ll■•llllllnlllllllll■■•lllllllllllllllllllllllil< ■■■■■■■■■■■■iiiiiii  •  4111  <  I  ! 

l■■■■■ll■■lllllllllllllllll■■•lllllllllllllllitllllllill  ■■■■■■■■■■iiiiiiiiiiiiiiiini  iiiiiiiiiiiiir. 
i■■■■■ll••llllallllllHllll■■lllllllllllll^llllllll^ill  ■■■■■■■■■■l•«llllllilllllllll1tlllllllllllitH‘« 
■■■■■ll■llllllllllllllllll■■■lllllllllllllillllllll^ili ■■■■■■■■■!  Mil  III.  ■liir^ii  i'  mill 
l■■■■■l■■■■l■llltllllllllll■■■llllllllllnllllllllllllll  ■■■■■■■■■■l••lllllMllllillll1■l■lll•llllm>  •!)' 
l■■■■■lll•llllllllllll}llll■■•lllllllllllllillllllllllll  ■■■■■■■■■■allllllllllllmltll■llllllllim^>lil 
l■■■■■lllalllllalllllttllll■■■lllllllllllillllilllllllll  ■■■■■■■■■■llallllllllllimlll■•llll■llllli^•>H  ir  < 
■■■■■■■■•llllllilllllMIHlIllllllllllllllilllllllllill  ■■■■■■■■■■llllllllllllllllllM■lllillllmlllHil  :  . 
l■■■■■■llllllllalllllltilll■■■lllllllllllllillltllllllM  ■■■■■■■■■■llfllllllHllllll^l■•llllallillllllHl  iH 
. . IN  ■■■■■■■■■iaiiiiiiiiMiimiK  •aiiiiiiiMMiiitii  < 

l■■■■■■5alllltllMIIIIIIII>■■■IIIIMIMIlllMllH . .tiiilid.iailllll. 4. Ml  . . 

.7  mzz:  . . . . .  r;  i 

^■■■■■ll•alllallilllllltlll■■llltlllllllllllilltll!lllll■■■■■■■■■■lllllllllllllllllnl■lllllllllllMiUll  n 
!■■■■■■l■lllllllillllllllitllllllllllllllllilll>ltllllll  ■■■■■■■■■llllllllllllllmllll■llllllllilll•liHl  n 
■■■■■■■■■llllallalllllllMlli>■■■■lllallllllllnll<llMllll  ■■■■■■■■■■■lllllllllllllmll’■llllllllim<lfHl 

■■■■■■■fl■illlallllllllllltllil■■■lllllllllllliillllllllllll  ■■■■■■■■iiiiiiiiiiiiiiiiimi>iiiiiiiiiiiiiii>tii  II 

■■■■■■■■■il•llllllllllllllilllillllllllllllllllllllllilllll■■■■■■■■illllllllllllllllm)l■lllllllillmlMil  hi 
■■■■■■■■■■llllllllllllllllllll■■■llllllllllllllllllllllllll  ■■■■■■■■■■•1111111111111111111111111111111111 IIIMI 
■■■■■■■■■illlllllltllllllltlll■■llllllllllllllillllllllllll■■■■■■■■illllllllllllllllllllllllllllllllllmn^h 
■■■■■■■■■il•lllllllllllllllllli■llllllllllllllllll)llullll  ■■■■■■■■■l•lll■llllllllllmll•llll■allltlllllHl 

■■■■■■■■■iiiaiiiiiiiiiiiimiiiaiiiiiiiiiiiiiiiiiiiiMiiiii  . . . 

■■■■■■■■■l■lallllllllllllmll■■llllllllllllllillllMlll|ll  ■■■■■■■■iiiiiiiiiiiitiiMiiiiiiiiiiiiiiiiiriiiMi  Mil  i 
■■■■■■■■■■ll•lllllllllllMlnl■■■llllllillllllllllMlMllll  ■■■■■■■■iiiiiiiiiiiiiiiimihiiiiiiiiiiimiiM)  INI  m 

■■■■■■■■■■1111111111111111111111111111111111111111111111111  . . 

. . 

■■■■■■■■■■l■•lllllllllllllllll■■allllllllllllllllllllllllll  ■■■■■■■■■•••••iiiiiiiiiimiiiaiiiiiiiiiiijiiiiiiiiiii  m 
■■■■■■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiii  ■■■■■■■■■■••111111111111111111111111111111111111111111 II 
■■■■■■■■■■■•aiiiiiiiiiiititiiiiiiMiiiiiiiiiiiiMiiiiiiiiii  ■■■■■■■■l■l•ll•lllllllllllllllll■lllllllllmlllMlll  III 
■■PW^MaiBiiiiPiiiiiiiiiiiiiiiRiiiiaiiiiMiiiiiiiiiiiiiiiii  ■■■■■■■■■■■iiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiii  IN 
iMii.'  i*  iiii»r*iiiiii..i4  <11111111111111  ■■■■■■■■■•■••••llllllllllmll■llllllllllmllln  mm  i  i 

. . .  h 

■■■■■■■■■■i■llll■IIIMIIIIIIIIiillllllllllllllllllMIIII|ll  ■■■■■■■■■illllllllltlllllllillillllllllllMlillltillli  II 
»;*r»iar^«'.iifeai  iic  MitiiiiiiiiiitBB^aaiiiiiBiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiniii  n 

■■■■■■■■■iiiimllllllllllmll■illllllllllllllllllllllllll■■■■■■■■■iiiiilBlllllllMlllllilillllllllmllllllllll  n 
■■■■■■■■■ii■•lllllllllllllllll■i■•llllllllllllllllllMlllll  ■■■■■■■■■•■••iiiMiiiiiiimiiiiaiiiiiiiiminiiiiin  11 
*  lliiilllllllllllllllllllllllli  ■■■■■■■■■ill•illllllllllMllllilillllllllllltlllllllll  11 

■■■■■■■■■l■iillllllilllnllllliiiillllllllllllillllllllllll  ■■■■■■■■liiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii  11 

■■■■■■■■■il■illlllllllllliHlliBlilllllllllllllilllllllllll■■■■■■■■■iiiiiilllllllllllllll■lilllllllllllllllllllM  II 
■■■■■■■■■iiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitii  ■■■■■■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiniiiiniiiiHi 
■■■■■■■■■i■•lllllllllllllltlll■■■•lllalllllllllllllMllllll  ■■■■■■■■■•••l•illl•llllltlllll■l•llllllllllMlllllllll  II 
■■■■■■■■■iliillllllllllllllllliiillllllllllllllMlllllll(|l■■■■■■■■ilii•illllllllllllllll■lillllllllllllllMlllll  n 
■■■■■■■■■■■aiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiitiiBB^aaaiBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiihiiM  n 
■■■■■■■■■llillllllllllllllllll■■■llllllllt1llllltllllllllll  ■■■■■■■■il•a•allllllllllllllll■llllllllllllnllM'llll  m 
■■■■■■■■■liiiitlllllllllllllll■■lllNllllllllMllllllllllll■l■■■■■■■■ia■lllllllllllllllllllllllllllllmllllllll||  h 
■■■■■■■■■■ia•IIIIIIIIIIHIIIII■■allllllllllllllMIIMIIIIII  ■■■■■■■■■■••••llllllllillllllllllllllllllllMIIIIIIIII  M 
!■■■■filllllllllllllUilll■■llllllllllllllllllnlllllll  ■■■■■■■■i■aa•allllllllllllllll•lalllllllmMMl{lllll  n 
l■■■■il■iillllllllll^tlll■iilllllllllllllllllllllllill■■■■■■■■■ll■llllllillllllllltlilllllllllllllllllhlMl  II 
l■■■■l■il•llllllllllilllll■■■lllllllllllllllllllllll(ll  ■■■■■■■■■RI••llllllllllllllllllllllllllllllllllM!l1ll  II 
l■■■■il■IIIIIIIIIIIIMIIII■l■llllllllllllllllllllllllll  ■■■■■■■■■l•■llllllllllllltllll■IIIIIIIIIIIIM'IHllll1  II 

l■■■■■l•lllllll|ll|IMIIIl■■•llllllllllllllllllllllllll  . . . 

l■■■■■■a■llllltlllllHilll■■■lllllllllllllllllillllllll  . . . 

l■■■■■illlllllllllllMllll■■llllllllllllllllllll^lllll  ■■■■■■■■iiiiaiiiiiiiiiiiiiiiiiaiaiiiiiiiiiiiiiHiiiiii  n 

l■■■■l■lllllllllllllllllll■•IIIIIIIIIIIIIIIIIIIIIMIill  ■■■■■■■■■il■•••lllllllllllllll■ll•lllllltlMIIII1!MII  II 

i■■■■l■••lllllllllllllllll■■■llllllllllllllllllillllill  ■■■■■■■■i■l■lllllllll^llltlrl■ll•lllllllmlMtllh<l  n 

l■■■■■■IBIIIIIIIIIIMIIIil■••ltlllllllllMllillllMI1ll  ■■■■■■■■■■■■■■l■lllllllltlllll■l■■llllllllltil^|||lll  1 
l■■■■l■a•lllllllllllMllll■■■llllllllilllllnlilUlllll  a  '■■■■■■■■la•••ltllllllllmill•l■lllllllllllllMl  nn 
l■■■■■■■l•lllllllllllHllll■•lllllllllMlllMlil^ll  I  ■■■■■■■■i■ll•■llllllllllllllll•l•lllllllmlll^l  1:1 
l■■■■l•l•llllllllllMlllil■■■lllllllllllll^lllllMllll  ■■■■■■■■■ll•a•llllllillllmllallllllllllllMMH  11  1 
l■■■■■l•lllllllllll^lllll■■■lllllllllMlHllltlMlllll  ■■■■■■■■il••lllllllllltlmlll•l•lllllllmMMn  III: 

l■■■■■f•••lllllllllMllllll••lallllllllllnlli^lMllll  ■■■■■■■■■•■■iiiiiiiiiiimiiiiaiiiiiiii  t  :  \  :  ■ 

l■■■■ll•lllllmlllllnlll■■■llllllllllllllllllll^llll  . . 

. . . 

. . . .  u 


lllllHIIIIIIIIIIIIIIIHtti  ilM nil  I 

iMiiiiiiiiiiaiiiiiiiiiitii  III  iM  I 
I  *'ii  > ;  I  '  r 

lilllll■bllllllihll<M):l  II:  II  ■ 
1111111111111111111111111  ;  II  Iiii  I 

II,  t  '  r  II;  .  *• 

IIIIMlillllMllltliHil  '  III,  i 
IIIIIIIIIIIIIMIIIIIIIHMi  .III  ,  il  1 

•i mill .  <  I 

llltlillllllllllllllfllilM'ilH  III!  I 

. . .  I 

iiiiiiiiiiiiiiiiiiiiii'iMiii 


■■jiBaiiiiiiiiiiiiiiiiiiiiiiMimiiiniiiiiiiiiiiiiiiiimii 

^  .r  • -m '  ..'iiiiiiiiiiiiiiiiiiiiiiimii 

■iivBBaiiiaiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiii 

l>.‘4  tA.'kta  t lllllll■■■llllllalllllilMIIIIMItM!l 

aaiiiaflHKiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii|iiiiiiiiiittiii 
■■■BBaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiiiMiiiimiii 

'  il /.i  ji.ri'i.M  k  iiiaiiiiiiiiiiiiimiiiiiimiii 


lllllllilllllllllllllllllllillii nil 

. . I  W«aiB>*H||||||»<1||||||||||||l"i|||||||||||||<i|||||MII||l  " 

llllllliMiMlllllt.illlllli  ..il  III.  ai^^iak«aBBiaillaa«llllllllllliiBMIIIIIIIIIIIiMHIIItlllM.,fl 

iiniiiiiiiiiiiiiiiiiiifiniiii  1111  ■■M■■■■■lllllllllllllllllllll■■llllllllllllllmllllllmll■ 

IIIUUlllHlllllllllli'IH  III!  I'll 
11111111111111111111111111111111  III! 

11111111111111111111111111111111  liii  ■■■■■■■■■■iiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiimiiiiiiiHiti 

11111111111111111111111111111111  III'  ■■MBmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiniiiii 
lllllilllllllllllllllllinilllll  nil  •■■■■■■■■llllllllllllllillMlllllllltllllllllMmillllllllll 
11111111111111111111111111111111  nil  ■■■■■■■■■iiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiifiii 
11111111111111111111111111111111  nil  «■■M■■■l■■■llllllllllllllllll■l■llllllllllllllmlllnllllll 
iiiiiiiilllliliiiiiiiiiiiiiiiiii  llll  ■■■fl■■■■■l■lllllllllllllllllli■llllfllllHllltlllllilllllllll 
11111111111111111111111111111111  llll■■■■■■■■■lllllllllllllllllllll■■lllllllllllllllmlllllllllll 
iiiiuiiiiiiaiiiiiiiKiiiiiiiiiii  llll>■■■■■■■■■lll•lllllllllllllllll■l■lllllllllllllHllllllllmll 
iiiiMiiiiiiiiiiiiiiiiiiiiiiiiii  iiiiaaMaBMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinii 

mllllll■llllllllllJlllHllllll:llil>fl■■aBB■■■llallllllllllllllllli■l■llllllllllMtlllllil^llllll 
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIMI  lllil■■■■■■•■■IIIIIIIIIIIIIIIIIIIIIIIMIIIIIIIIIIltllllllllMlllll 
lllll^ll■l•llllllllllllllllllll1illll■■■i■■a■■■■■lll•llllllllllllllllllllllllllllllllMMlMllllll 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiii!5BBiaBaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitniiMiiiiiiiii 

llllllll■■llalllllllllllllllMlllllllfl■MaBa■■■lllllllllMllfllllllllllllllllllllllllMUlllllllll 
tlllllllllllllllllllllMIIIIMII  lll.aiMMBBBHIIIIIIIIIIIIIIIIIIIIilllllllllllllllUIUIllMllllll 
lllllllll•IIIIIIIIIIIIIIIIIIMIIlllllll■■■■■■■■lilllllllllllllllilMIIIIIIIIIIIIIIIMIIMIIIIIUIII 
IIIIIIIIIIIIIIIIIIIIIIIMIIllllliilimaaiHMIlllllllllllllMIllllMIIHIIIIIIIIIIIIIIIIMIIIIIIIII 
lllillllllllllllllllllllllllMllllllll■■■i■■>■■■■llllllllllllll^l||||||||||||||||||^l^illlllllllf 

iiiMiiiiiiliiiiiiiiiiiiniiiiiiiiiiiiiHMmiMiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiimiiiMiiiiiiii 

. . I 

. . . 

. . . 

llllllllll■llllllllllltllllllHllllllfll■■■■■■■•■■lllllllllllllllllll■■lllflllllllllllllllUlllllll| 

iiiiiiiiiiiiiiiiiiiiiitiiiiiMiiiiiiiaiBHBimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinuiMiiiiii 

llllllll■l■lllllllllllllllllilll  . . Ill 

llllllllllllllllllllll{||||lilllllll■■■■■■n■■l■llll>||||>■l^||H■l■lllllllllllllllllmllllllll 

iiiiiiiiiiiiiiiiiiiiiitiiiiiiiii'iiiiBiHHBBamiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinHiiiiiiii 

llilllllllllllllllllllll^llillllllll■■■BBBa■■lllltllillllllmlllllllllHllllllllllllllMllllllll 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  iiiiffBiiaaBBaHiiiiiiifiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiiMiuiiiii 
iiiiiiiiiniiiiiiiiiMiMiiiniiiiiiiMHaBBaiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiimiiiiHimiimii 

. . . 

lllllllll•llllalllllMlllllllMlillllai■BiBBBB■■IIIIIIIIIIIIIIIIHIII■lllllllllllllllllltllMIIIIIII 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiuiiuiiiaBaBBBBHiiiiiiiiiii  11111111111111111111111111111111111  mill 
. . . . . 

llllllllllllllllllllllllllllllllllllai■■■■■B■l■llllllllllllllllllll■lHlllllllllllllllllUillMlll 

. . . 

111111111111191111111111111  iMi  linear  ■■■BaaHiiiiiiiiiiiiiiiiiiiiMaiiiMaiiiiiiMiiiiuiHiinr 
IlilllllllllllfllllllllMIMItll  alHBBBBinillllllllllllllMIIIIIIIIIIIIIIIIIIIIMItlllM't  1 

iiiiiiiiiiiiiiiiiiiiMiiMiiiiii  !i‘  ■■■■aaaHiiiiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiitniiiimni 

. . . 

illliiiillltlllll  i:i  1  -  I  I  lllllllllllllllllllllllllllllllllMlllllllMinl 

11111111111111111111111111111111  IN  iBBBaaBaaaiaiiiiiiiitiiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiMiiii 
lllll|ll■■llllllllllllllil•lllll  iili*BBBBBBBIIIIIIIIIIIIIIII|llllllllllllllllllllllflllllliimil 
mil  iiiiiiaiiiiiiiiiiiiiiiiMi;tiiiaBBBBB»aiiiiiiiiiiiiiiMiiiiiiiiiiniiiiiiiiiiiiiiiitiimii 

. . 

iiiHiiiiiiiiiiiiiiiiii  »i  <M  >1  tmmnum — . — . 


■BaimiimiiiitiiiittBiiiiHniiiitiiiiiiiimmiii 


laBBiiNiiiiiiiitiimHiiaiiiiiiiiiiiiiNHiimtitr 
iHHHHaaiaiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiii  ■■ 

l■■BaaB■Bll■l|•lllalliillmill•llllllllllllillllillillllll  aii 
l■■BBBBB■lll■illllllllallMIIII•lllllllllllllllll|lltllllll  ■! 
laiaBBBBBBaiiiiiiiiiiiiiiiiiiijiiiiiiiiiiiiiiiiiiiliiiiiiiii  mt 

BBBaBBBBBlIlllllllllllllMlllllllllllllllltlllllllllllllll  ■! 

■BaBaMiiBiiiiitaiiiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitBil 

l■■BBBB■BlllllllilllllllllmlllllllllllllllllnllllllllMI  ■! 
l■BBBBB■■lllll•allllllllltlllilllllllllllllliitllllHIIIIII  ■! 

l■BBBBBaB■■a■l•lllllllHillltllllllllllllllllllllllllilllll  ail 

l■BBaaB■■lllll■mallllllllltillllllllllllllllllllllllillll■l 
l■BBaBBaB■llllllllalliiltlltll■lllllllllllllllllllMliHlll  Bi 
l■BBaaB■■■l■llfllllillliillllllllllllllllllltllllllllil<l!l  ■! 
l■BBaBB■llllll•lllalllliiiiltllllllllllMlll' 
iaiBBaaBaBaMaM«Miimiiiiii  '"mt 

l■BBBBaBBb■lllb■«llillllllll)  llllbiliaiilllllllllHMIllll  Ml 

l■BBaaBB■lllll■llilllllllllmllllllllllllllilllllnlllltll  mi 

l■BBBBa•■lllll•llililallllllllllllllllalHllllnllnlllllll  ■! 
l■BBBaB■allllllllllillalllllllllllllllllnlllllllllililllll■l 
laBBaBBaaiiiiiMiiiiiiaiiiniiiiiiiiiiiiiiiiiiiiiiHiiiitii  ■! 
iBBBaaaaaiiiiiiiiiaiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiitiiiiiii  mi 
l■BBaaa■■llllllllllillalllllllllllllllallllllMlllllllllill  ■! 
l■BBBBB■BIII■lllillllillllllllll■llllaalllllllllilllllllltl  ■! 
l■B■aBa■■tlBllllaalllilllllltlllllllllllllllillllltllllllll■l 
iBBaBBBBaBaiBaiiaiiiaiiiiiiiiiiaiiiiiiiiiiiiiiiiiiitiiiiiii  ■! 
IBBBaBBMIlllllllllllllllllllllllllllllllllllinilllilllllliBI 
l■BaBBB■■llllllllllllilllllllllllllllllllllllillllll^llllll■l 
l■BBBBB■■llllllllllilillllllllllllllllllllllllllllllllllllli■l 
l■BaBBB■■lllllllllllllllllllllllllllllllllllllllllllllllllhBil 
l■B■BaBBBalalllllllMllllllllll■llllllllllillll^lHlllllll  ■! 

laiaaBaBaniiiBiiiiiiiitiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiimi 

l■BaaaB■■lllllllllllllllllml■lllllllllllilllllllllllllMl>■l 

l■aBaaaB■llll■llllllalilllllllllllllllllllllllllllllllllMl>■l 

laiBBaaBaMiiiiiiiiitiitiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiiinuBi 

l■BBaBaB■ll■IBIIIIIIIIIItllllllllllllllllllllllllllllllllillM 

l■BBaaBM|llllllllllllllllllJllllllllallllllllllllllllllMll■l 

l■aaBBBa■llllllllllllllllllilllllllllllllllllllllllllMllll■l 

l■■aBBB■■•lllllllllillllllllllllllllllllllllllllllllllllll^■l 

l■aaaBBa■•lB■ll•llllllntlllllllll•alllllMllllllllllllllM■l 

l■■BBBB■■IIBlalllllllllllllllllllllltlllllllllllllllllillMl■l 

li^^^^^^llllll^^llllll^lll^l^l^l^llllllll^llllllllll^lllll^liil 

l■aaaaB■■•llll•ll9llilllllllllllllllllllllllllllllltlMllll:■l 

l■BaaBB■■llltllmllllllllllltlll•llllllllllllllllllllllllll■l 

laiaaBBBaBBBBiiiiiiffiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiBii 

l■aBBBa■•al■ll•llllltlllllmlllllllllllllllllllllllllllll^■l 

laiaaBBBBaBiiaiiiiiiiiiiiiitiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiMi 

l■BaBBBB■ll■llllllilllllllllllllllllllllllllllllllllllilllll■l 

l■aaaBBa■■■■■l■llllllllllllllllllllllllllllllllllllllMlll^■l 

l■BBBBB■Bllllllllllllllllllllillllllllllllllllllll1llllllltl■l 

l■a8BBB■■llllllll•flllllltlllllllllllllllllllllllllllllilii■l 

l■aaBBBa■•llllllllllllllltlllllll■llllllllllllMliilllilllll■l 

l■BBBBB■■BIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIilllllllMl■l 

IBiaBBBBaBBBINIHIflllllllllMIIIIIIIIIIIIIIIIIIIIIIIIIIIMiBI 

IBBBBaBBMIllinflllllllllllllllllllllllllllllllllilllllllliail 

l■BBaBa■■lllllllflllllllllllMllllllllllllllllllllllllllllll■l 

l■aBBBB■■lllllllllllllllllllllllllllllliln^lllilllllllllll■l 

IBiaBaBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIinilliHI 

^■aaBaBaBBiiiMniiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii''^i 

l■aaBBBB■l■■llllllllllllllllllllllllNllllllllllllllilll  ail 

l■BBaBBM■lll•llllllll•llilllllllllllllllllllllll{|llllllll  ■! 
iBBBBBaaiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiinai 
laBBaBaaBBIBIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIillMllillBII 
IBBBBaBBBIIIIIIIIIIllllllllllllllllllllllllMlllllllilllllliM 
IBBBBBBaaillllllllllllllllilllllllllllllllllllllllllltllllllBI 
l■BaBBB■■lllllllllllllll1llllllllllltlllllllllll|lllllnllllBII 
IBBBBBBailllllllllllllllllllllllllllillilUlllllllllillllHil 

laaaaBaBaiBiiimimiiMimiiiiniiiiiiiHiHHiHHuwl 


laBaaBBiBiiiiiiiiiiiiiiiiiiiBiiiiiiiiiiiiiiiiiiiMiiiMiir 
BBBaBBBiiiiiiiaiiiiiiiiiiiiiBiiiiiiiaiiiiiiiiiiiMinniii 
BBBBBBBIIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIIIIIIIill  mil 
aBBBaBBiiiiiiiiiaiiiiiiiiiiiBiiiiiaiiiiiiiiiiiiiiiiimi< 
BBBaBBBIIIIIiatlllllllllllllBlllllllllllllllllllHIl  lilt 
BBBaBBlIllllllliailllllltlllBIIIIIIIIIIIIIIIIIIIIIIIMlii 

BBBaaBiaiiiiiiiiiiiiHimiiaiiiiiiiiiiniiniiiini  nil 
BBBBaBiiiiiiiiiiaiiiiiinitiiiiiiiiiiiiiiiiiiiiiiniiiiin 
BBflaiaiiiiiiiiiii'';:;  'MiiBiiiiiiiiiiiiiiiiiiiiiitniiii 
BBBaBBBBIIII^  ’;.||||IIIIIII>  ^lllliaillllllllllllltM  nil 
BalBaBBiia:«iiiiaiiniiiiiiii:iiiiiiiiiiiniiniii>iiiiii 
BBBaMir MiiiiiiiiiiiiiiiiiiBi  iiiiiiiiiiiiiiiniMtmn 
BBBBaapaiiii'’':::  'iiiiBii^iiaiiiiiiniiiiiininiii: 

aBBaa^Br'itiiiiiiiiiiiiiiiii  ’«iiMiiiiiiiiiiiiiiiiiitfiiii 
^*7tfBiiiiiiiiiiiiiiiiiihak*ik^iiiiiiiiiiMMiiiiiiiii 
flBhJBBBiiiiiiiiiiiiiiiiiiniaaiik  iiiiiiiiiiiiiiiiiiiiiii< 
BBBBaHBIIIIIIIIIIIIimililBllkllUlllillllllliMllillll 

. . . 

BBBBHailllllllllllllllllillBIIIPI'lllllllllllllMliMII 
BaBaBBBBaiiitnitiiiiitiiiiiBiiiiiiktiiiiiiiiiiiiiirniii 
BBBBaBBIIIIIIIIIIIIIIIHIIIIBIIIIIkMillllltlllMIliHII 
iBBBBIIBIIIIIIIIIIIIIIininiBIIIIII'rillllllMIIIIIHIII: 
iBaBaaBBiiiiiiiiiiiiiiiiiitiiBiiiiiiiuiiiiiiiiiiiiiiiMiii 
iBBBaaiBiiiiiiiiaiiiiiiniiiiBiiiiiiui  Miiiiiiiiiii  iiiii 

l■BBaBBBBBIIIIIIlalllllllllllBIIIIIIII  (111111111111  IIII 

iBBBBBBBIIIIIIIIIIIIIIIIIIiliailllllllk  liiltllltlllillll 
iBBBBIBBIIIIIIIIiailllllllillBllllllllhKIIliillHIItllli 
lBBBaBBBIIinilllllllllHllilBllllllllll..llllllllllliMI|i 
iBBaaiBBIBIIIIIIIIIIIIIIIIIIIBIIIIIIIIIII  Mllllllllliillii 
iBBBaBBBBIiaillliaillllllllllBllllllllllll  llllllllll  tlin 
IBBBBBBBIIIINIillllllllllillBIIIIIIIIIIII  111111111:1111 
iBBBaiiiiiiiiiiiiiiniiiiiiiiBiiiiiiiiiiiii  (iiiitiiniiii 
laBBaBBaiiiiiiiiiaiiiiiitHiiBiiiiiiiiiiiit  iiiinininii 

IBBBBIIBIIII|IIIIIIIIIMIIIIIBIIIIIIIIIIIIII  HUM . I 

iBBBaBBBIilllllllllllMIMIIIBIIIIIIIIIIIllMMIIIIMilllli 
iBBBBBaBBIIIIIIIIIIIIIininiBIIIIIIIIIIIIIII  Itlllllillll. 

laBBaBiiiiiiiiiiiiiMiMiiniBiiiiiiiiiiinii  utitniiiii 

iBBBailBBIIIIIIIIIIIIIIilMItllllllllllllUlh  nilMillll 
iBBBailBIIIIIIIIIIMIIIIlltnilllllllltlllMII  Illllillll 
iBBBBaBBBIIIIIIIIIIMIIIIIillBllllllllllllltllM'linillll 
iBBBaiBBiiiiiiiiiiiiiiiHiiniiiiiiiiiiiiiiiiii  Mimiii 
IBBBaiaBBBIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIilM  III  Mill 
IBBBBIiaillllllllllllltlllllllllllllllllllltllM  lllillll 
IBBBBIMIIIIIIIIINIIIIIIIIIIBIIIIIIIUIIIIIIill.niilllli 
IBBBBaBllllllllliaMlllltllllBIIIIIIIUIIIIIIIM  tlilllll 
IBBBBiaillBIIIMIIIIIIIMIIIIBIIIIIIIIIIIIillllli  >1  HI 
IBBBBiBiaiBIIIIIIIIIIIIIIIIIIBmilllllllllllltil  I  i  llll 
IBBBBiMBBIimilllMlllinilBIIIIIIIIIIIIIIIIMl  II  Mil 
IBBBaiBBBIIIIIIItlIttlllllillllllllllllllllllHIIIh  IIII 
IBBBaaBBBBIIIIIIIIMIIMIMIIBmillllllllllllHMin  Mill 
laBBaaBBIBIIIIIIIIMIIIIIIIlIBHIIIIIIIIIIItlltlll  II  III 
IBBBaaBBIIIIIHIIIIIIIIIIIIIilllllllllllllllllllll  II 
IBBBaiBB»IIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIIIIIII  in  II 
IBBBBimillllllllllllMlllllllllllllllilllilllllliMil  II 
iBBBaaBBBaiiiiiiiiiiiiiiiiiiiBiniiiiiiiiiitiNiiii  nn 
IBaBBIBBBUIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIlIHlII  HIIIK 
IBBBBHBIIIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIIIIIlin  mini 
laBBBimiiiiiiiiiiiiiiiiiiMaiiiiiiiiiiiiiiiiiiininini 
IBBaBaiMIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIMIIIIII  lllllf 

. . Mil 

IBBBBBBBBIIIHIIIIIIIIIMIIIIBaillllllllllllllllllM  Mi 
IBaBBBBBIIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIIinillH  I 
IBBBBBaillllllllllllllllllllllllllllllllllllllinilM  Mil 
IBBBBBBIIIIIIIIIIIIIIIilllllIttIflIIIIIIIIIIIIIIIIIMil  MU 
IBBBBBaaBIIIIIIIIIMIIIIIIIIIBIIIIIIIIIIIIIIIIIIIMM  Mill 
iBBBBBBBBaiaiiiiiiiiiMiMiiiaiiiiiiaiiitiiiiiiiiniimn 
IBBBBBIBIIIIIIIIIIIIIIIIIIIMBIIIIIIIIIIIIIIIMIIIIIIl  Mil 
IBiBBBaBllllllllllllllltlllMBIIIIIIIIimilllllllllll  Ml 

- BBIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIMII  Mil 

BBBtBBIMHHIIIIIIHIlIBBntmiltlllllHIIIMIIIIII 


Figure  79  Frequency  Response  of  Low-Band  Radio  With  Multiplex 
Pre-  and  De-emphasis 


_ ■■■■■iiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiniiiiiiiiii 

'■■■■■■■■■imiiiiiiiitiimiiiiiiiiiiiiiiiiiiiiiiniiiiiiiii 

B5SSSSSSriiH!nii!!ll!l!!!l!!ISiSi!!SI!!!!!!l!l!llllllllllll 


■MiiiniiiiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  I 

■■■■■■■11111111111111111111111111111111111111111111111111 
■■■•■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
■■■■■■iiiMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiti 
■■■■■■iiiiiiiiHtmiiiiiiiiiliiiiiiiiiiiiitiiiiiiiiiiiii 
■■■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiii 
■■■■■■■  iiiiiiiiiiiiiiiiintiiiiiiiiiiiiiiiMiiiiiiiiiiii  I 
■■■■■■iiiiiMiiiiiiiiiiiiiiimiiiiiiiiiiiiiiiMimiiiii 
■■■iiiiiiitiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitii 
■■■iiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


■■■■■■■■iiiilllllllllllllllllliillllllllllllllllltllnlllll■■■i■■■■•■iiiiiilltlllllllllllliiilllllllllllllllllliiilll;lll 
■■■■■■■•li■iilHllllllllmlliiillllllllllllllllltlMllml■l■■■■■■■■ii■■il•llllllHlllllliilllllllllllltlllllllllllilll 

w~»  mm.  ....  n: ::::  .-•■rv*!'  . . 

■■■■■■■iiiiiillllllllllllllMiiilllllllllllllllHll^llllll■■■i■■■■■■iiiiitllllllllllllllii■illllllllllllllllllllltlllll 

_ji«flMaaiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiimHMaaaaaiiiiiiiiiiiiiiiimiiiiiiiiiiiimiiiiiiiHHiiiiii 

BrtBiaaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMimiiiiiiiaBHaaaaaiiiaiiiniiiiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiii 
■■■■liiiiifiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiniiiiiiMHMaaaaaiiiiiiiiaiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiii 

wB  iii.'iiiiliiiiiiiiiiiiiiiliiiliiiiiiiniiiiiiniiiiiiiiiaHaiaaaanliiiiMiiiiiiiitiiiiliifiiiiiiiiiiiiiiiiiiiiiiiiii 


■■i■lliiilillllllllltlliliiilllllllllllllllllllllllllll■■■■■■■■■iiiilllilllllllmlllililllllllllllllllllillllllll!■L _ 
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l■■■■■■■ialallllllllllllllllilBllllllllllllllllllllllll|l> _  _ _ 

l■■■■B■■aBlala•lllmllllllllllBB••l•lllMlllMllllllllllll■■■■■aB■BaaBll•llllllllMlllllBaalklllllllllllli  iiiiiimi, 

SBBBaBBiaillllllllllllllllllllllllllllllllllMIIIIIIIIMtiaBBBBBillBlllllllllllllltlllliailllimilllllllli  lillllllll 
■■■■■■llllBaalllllllllllllllBall•llllllllllllllllllllllll■■■■■■i■■B■llllllHillllllllllBBllllllllllllllltt  tiiiiiin 

l■■■■■■■lBalllllllllllllllllllBallallllllllllllllllllllMll■■■■■■il■lBl•lllllllllllllMll■alllllllllllllllH  kiiniiiii 
l■l■■■■■llalBalllllllllllllHaMall•lllllllllllllllillllll«■■■■■il■lBBalllllllllllllllll■BBllllllllllltllll  miiiii 
l■■■B■B■aaHaalllllnllllllllaaBNlllHlllllllllllillnllll■■B■■BB■alBB•allllllllllllltllBaBllllllllllllllll.. I  IIIIIII 
l■■■■■■■alall•l•lllllllllllMllB•l•lllHlllllllllltllllllllfi■■■■■Bi■■Blllllllllllllllllll•aaBlllllllllllllllMl  miiii 
l■■■■■aiaaaaall•lllllllllllHlalal•l•lllllllllllltlllllllll■■■■■■■iiBaallllllllllllnllll■lllllllllllllllllll  11  miii 
l■■■■■■■aa■aaBlllllllllllllMaaa•lllllllnlHlMlllllllllll■■■■■■B■■lllllllllllllllllllllBlBlllllllllllllllll  11  mii 

l■■■■■aiBmiBlllltfllllllllllaaala•lllllllllllllllllllllll■■■■■BB■■aBBBlllllfllHlllllllBlalllllllllllllllltlltl  iimi 
l■■■■■aBlalllBllllllllllllllillaallllllllllllllllllllllMll■■■■■■■iBBBallllllllllllllllllllBllllllllllllllllll  iiniii 

l■■■■■aiB•lllllllllllMmlllalallllllllllllllllillllllllll■■■■■■■■■BlBBlllllllllllllMllillllllllllllllllllll  in  iiii 

l■■■■■B■lla•BI•IIIIIIIIIMIIIIIIIilltllllllllllllllllllllll■■■■■■Bi■BBBIIIIIIIIIIIIIIIIIlalllllllllllllllllllllllhnll 
l■■■■■■■BBalBl•llllllllllHllaallllllllllllllllllil^lllltl■■■■■■■iaBlllllllllllllmllllil|lllllllllllllllMll  III  m 
l■■■Baa■lBalaB•llllllllllllMalllallllillllllllllllllilllll■i■■■■B■■■BaallllllllllllllllllBaalllllllllllllllllll  m  tn 
l■■■BBB■BaBBaalllllllllllllllaBa•llflllllllllllllllllllllll■l■■■■■B■■Bla■lllllllllllllllllBaallllltlllllllmlll  nil'll' 

l■■■BBB■IIBIBIIIIIIIIIIIIIIIIlilllllllllllllllllll^lllll^■■■■■BiiilBBIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIIIIIIIII  HI  II 
l■■■■■B■BalBlllllllllllllllltallllllllllllllllll>llllnlll  ■■■■■■iilBlBlllllllllllllllMlallllllllllllllllllllll  iii  m 

BBBBSBaamilfllllllllllllllMaMIIIIIIIIIIIIIIIIIIII  III  I 

l■■aaBB■lllaaBlllllllllllllllll■llllllllllllllillMlllllll  r  ■■■■BBiaiiaiiiiiiiiiiiiMiiiiaaiiiiiiiiiiiiiiiiniin  iii  1 
l■■■BBalaBlBB•lllllllllllllllllBlllllllllMlllllllllllh  a■■■■■■■■llllllllllllllllllllt■lalllllllllllilllltllH  1 
l■■■■■ailBlBaalllltlltltllllllBallllllllllHlMllllllMnl:■■■■■■■i■laBlllllllllllmllllllalllllllllllMMnlMl  ni 
l■■■■BB■IIIIBIIIIIItllillllllBa•IIIIIIIIIIIIIIMIIIIIIIIII  ■■■■■■■■BaaillllllllllllllllllBailllllllllllMMIlllllillIlH 
iBaBBaBBiaBBaniiiiiiiiiiiiiiBBiiiiiiiiiHiiiiiniiiiMiiiiaMBaBBiBiiiiiiiiiiiiiiMiiiiiBaiiiiiiHiiiiiimiiiin  im 
l■■BBBa■alaaaBlllllllllllllilalllllllllllllllllllll^llllll■■■■■B■lllBlllllllllllllllllllaaalllllllllllilmlllln  m 
l■■■BBa■aalaaBllllMllllmllllllllllllllllllllllllllllllll■■■■■Ba■BllalllllllllllllllllliallllllllllllllmlMlll  III! 
- iBaBiiBaBiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiiimiiiimaBaBBBiiiBiiiiiiiiiiiiiiiiiiiBiBiiiiiiiiiiiiimiiiMiiiiii 


l■BBa■BlaBB•IIIIIIIIIIIIIIIBIIIIIllll•UIIIIIIIIIIIII|lll| 


■■■■■■■ii■l•llllltlllllllillil■alllllllllltllllHlllMll  ml 
l■■■■■■■ii■illlllllllIllllHlllBlllllllllllllllllllllllll  ml 


Figure  80  Frequency  Response  of  Low-Band  Radio  With  TV  Pre- 
and  De-emphasis 


nMmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiniiiiitiimaBannNiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiifiiiiiiii 

.  ;MMHiBiiibiiiiiiiiiiiiiiiiiiiiiiiii 

_ _ _ _ _ _ 

liiuiiir'tftfriaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimfiimaaMmMiimiiiiiimiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiii 

.  . . . . 

■■■■iiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 


. .  ..  IM.M 

- M'  ::iii«iiiiiiiiiiiiiiiiiiiiniimtii 

_  «^:iUiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHni<i 


'if 'jiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiHiiitHifiHiBa _ 

^ff-fi<^iiMiiiiiimuiiiiiiiiMiMiiniiiiiiiiiiiHH»»aaBBi 

Sisr 


naiiHiiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiiiiiiiiBi 

_  _  _ ^BBimiiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiHiiiiiiiiiihBi 

llllllllllillllllUIIIIIIIIIIIIIIIIIIIHiMiiiiaBBBBBIUIIIIIHIIIIIIIIIIIIIillllllllllllllllillllllllllllBI 

. . . .  "  •  —  —  ‘  . . . HMir . . 


iiiiiiaiiiiiiiiiii'f  iii’‘iiii.  • 


■MIMIIIIIIIIIIIIIIIIIIIIHailllllllllllllllllllllllllll 
_ _ _  _  _ MMMfmiiiiiiiiiiiiiniMaiiiaiiiiiiiiiiiniiiiiiiiiii 

■IIIHIIIIIIIIMIIHMHIIIIIIIIIIIIIIIIMIIIHIIIIlBBaBBHUIIiailllllllllllllllllllllllllllllllllllliiilMlllil 


■■■IMIlllllllllllllliniliaillllllllllHIMIIIIIHIllI 
■IPtlMllllllllllllllllilliaillllllllllllllHHHIIIIll 
■■ '11111111111 IIIIIIIIIIIIIIIIIIIIIHIIIIHIHIHIIIIII 
■HIHIIIIIIIIIIIUIIIIIIIIIIIIIIIIIIIilllllllHIHIIII 
nniaillllllNIIIIIIIIIIIIIIIIIIIIIIIIMIHIHIHIIIIII 
llimillllllllllllllllliailllUIIUIIIIHMHMHiiiBaaai 
.jilllllllllllHtllllllllHIIIHIIIIIIIilllMmilHIlBBBBI 
■■rjNiiiiiiiiiiiaiiiiiiiiiaiiiiiiiitiiiiiniimiHiiBaBBi 
nilllllllllllllllllllllllllllllltlllltlllinilHIIIIIlBBBBI 
llllllllliailllllMlinillHIliaillllllllllllllHIIliBBBBI 

PlllfllllllllllllllllliaillllllllllllHIItllMHIIlIBBBBI 
•lllllllllllllllllllll■ll••IIIIIIIIIIIIIIIIIMIilMlBBBBI 
iiiiiiiHiiiiiiiniiiiiiiiiiiiaiiiiiiiniiiKiMiBBBBi 

_ ^iiiiiiiiiiiiiiiitiiiiaiiiiiiiiiiiiiiiniiiiiiiiiBBBBi 

, _ l■■■llll••IIIIMIIIIIIIIilllllllllllllllllll^lM(IIM{BBBB( 

aaBBaBB9''illllUIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIItllMlBBBBI 
BBBBBaBi«iinMIIIIIHIIIillltMIIIIIIIIIIIIIIIIIIII(ltllM'BaaBI 
laaBBBBBPMiifininiiiiiiHiiinHuiiHHuiiHiiiHHMiiinaaBi 
•jaaliBBiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiifiiimiii;  BBBBi 

IIBBiBBBIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIHIIIIIIIIHHItMllliaBaBi 
iBBaiaaaiiiiiiiiiitiiiiiiiiiiiiiHiiiiiiiiiiiiiiiiiiiiiiHdiBBBBi 

- laiiJmiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHmmiiBaaBi 

jaiMIINIIIIIIIIIHIIIIIIIIIIIIIIIIINIIIIMIIHilllllBBBBl 
iBaiiiiiiiiiiiiiiiiiiiiiiiiiiiaaiiiiiiiiiiiiiMitiiiMUBaaai 
jBBiiiiiaiiiiiHiiiiiiHMiaiiiniiiiiiiiiiiiiiindiiiiBai 
laBBIMIIIIIIIIIIIIIIIIltlllllllltlllllllfllllMlinilillBBI 
IBBaPlfmaHIIIHIIIMItllMMillHIHIIIIIIIIIIimiHIBBI 


laaBHiiiimiiiiiiiiiMiMiiiiiiiiiiiiiiiiiiiiHiiiiioii 

IBaBIHIIIIIIIIIIIIIIimMIIIIIIIIIIIIIIIIIIIIMIIilllliBl 

aBaMIIUIIIIIIIIIIIimMIMIIIIIIIIIIIIIIIIIMIIIIHiBI 

laBBaHiiiiiiiiiiiHMiniiiiiiiiiHiiiiiiiiiiiMMiiiiiai 

laanMiiiiiiiiiiiimiMiiiiiiiiiiiiiiiiiiiiiiiimiiiiai 

BBBtMIMIIIIIIIIIIMIMHHHIIIIIIinilllllllliHllliai 

iBamiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiiMiiiiiai 

iBBaaMMiiiiiiiiiiiiiiiiMmiiiiiiiiiiiiiiiiimMiiiiBi 

aBMNiiiiiiiiNiiiimiiiiiiiiiiiiiimiiiiiiiMiiiiiiai 

aBMHinilllllHIIIIMIDIIIIIIIIIIIIIIIMIIIMilllliiai 

BamiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiHMiiiiiai 

■BNHIIIIIIIIItllilllllllllllllllllllllllllllllMllltIBI 

iBBnHiHiiiiiiiiiiiiiiiniiniiiiiiiiiiiiiiiiiiMiiiiiBi 

iBBamiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiMiiitiBi 

laaaaHiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiitimiai 

laBaaiiiiiiiiiiiiiMiiiiiiiiiiiiiiifiiiiiHiiiiiiiiiiiiiBi 

iBBaaiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiBi 

l■aa■■■■lllllllllllllllllll■■lllllllllllllllnlllllllllll•  u 
l■Ba■■■IIIIIIIIIIIIIIIMIII■■IIIIIIIIIIIIIIIMIIIIIIII  Bl 
iBaaaiiiiiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiiiiiiiiitiiiBi 
iBBaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniai 
laaBaiiiimiiiiiiiiiiiiiiiaiiiiiiiMiiMiiiiiniiiiiiiBi 
iBaaaBBtiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimiBi 

naaaiNiiiiiiiiiiiiiiiiiifiiiiiiiiiiiiiiiiiiiiiiiiiiiiai 

- . 


iBaaaaaiiiiiiiiiiiiiiiiiiiittiiiiiiiiiiiiiiiiiiiiiii 
iBBBaaaaiiiitiiiiiiiiiiiiniifiiiiiiiiiiiiiiiiiitiii 
iBaaaaaHiiU^-x*  m 

iBBaaaaaiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiiiiiiiitiiii 

iBBBaaaaiiiiiiiiii.'  < 

iBBaiaaaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii'iiinii 
iBBaiBBaiiiifiiiiih.'M  (  I* 'Miit.i  •  n'  'i 
IBBBBBBIimillllllllllllllilllliaillllllllilMiiin 
IBBBBBBailllllllllllllllllltllllllllllllllllllllilil 
iBaaBBBHmiiaiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiiMi 
IBaBBBBIIIIiailllllllllllllitllllllllllilllliliKMI 
IBBBBBBlIlHlllllllllllllllilfllllllllllllllllliilll 
IBBBBBBaillMlllllllllllllllllllllllllllllllllltiMl 
iBBaBBBaiiMaiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiitiM 

iBaaaBBaPMUiiiiii«Miiiiiii«iMiiiiii*MiiiiitMi 

iBBaBBBaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiniiii 

. . 

iBBaaBBiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiiuiiiii 

iBaBBBBaiHiaiiiiiiiiiitiiiiiiiiiiiiiiiiiiii}iiiiMi 

■BBBBBBailllllllllllllllllllllllflllllllllltlllliHi 

iBBaBaaiiiiiaiiiiiiiiiiiiiiitiiiiitiiiiiiiiiiiiiiiii 

IBBaaBBIIIIIIIIIIIIIIIIIIUIIIIIIIIIIIIIIIIllMliMI 

IBBBBBBaillllllllllllimilMlllllllllllllllllllilll 

■BBBBBaaiiiiaiiiiiiiiiiiiiiMiiiiiiiiiiiiiiiiiiMMi 

IBaBBBBilllllllllllllllllllMIIIIIIIIIIIIIIIIIMilll 

IBBBBBBIIIIMIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllll! 

IBBBBBaBlimilllllllllllllMlllllllllllllllllllilll 

■BBBBBBailllillllllllllltlinillllllllllllilllllilll 

■BBBBBBBaiMIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIillMilll 

IBBBBBBaillllllllllllltllllllimillllllllllllllilll 

■BBBaBBaiimiiiiiiiiiiiiiiMiiiiiiiiiiiiiifiiiiiiii 

■BBBBBBBIIHailllllllllMllllllllllllllllllillllillt 

IBBBBBBBIIIiailllllllllllllMIIIIIIIIIIIIIIIIIIMIII 

iBBBaB8Biiaiaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■BBBBBBBIIIiailllllllllllllilliaillllllllllllllltin 

IBBBBBHIIIiailllllllllllllllllllllllllllllllliliin 

IBBBBBBBIinflllllllllllllllllMlllllllllllllllllIM 

IBBBBBMIlliailllllllllltllllHIIIIIIIIIIIIIIIIIllll 

■BaBBBBBaiiiaiiiiiiiiiiiiiiiitmiiiiitiiiiiiiitiih 

■BBBBBBBIIIIflllllllllllllllllllllllMnilllllMlIll 

■aBBBBBBIIIiaillllllllllllllllllllllllllllllllMtIII 

■BBBBaBBIIIiaillllllllllllllllllllllllllllllllMlIII 

■aBBBBBBIIIIIIIIIIItllllllMlllllllllllllllltlllllll 

■BBBBBaBllliaillllllllllllllllllllllllllllllllllilll 

■aBBBBBBIIIIMIIIIIIIIIIIIItliaillllllllllllllllilll 

■aBBBBBaimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiittiiiiiii 

■aBBBBBaiiiiaiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiii 

■aBBBBBBIimilllllllllllllillllillllllllllllMIllll 

■BBBBBBaiimiiiiiiiiiiiiiiiianiiiiiiiiiiiiiiMiiii 

■BBBBaBBiiaiaiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiii 

■aBBBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllilll 

■aBBBBBaiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiihiiiiiiiii 

■BBaBBBBIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIliiMI 

■BBBBBBailMailllllllllllllllllllllllllllMMIIIilll 

■BBBaBBaiiiniiiiiiiiiiiiitiiiiiiiiiiiiiiniiiiiiii 
■BBaBBBBIIIIIIIIIIIIIIIIIIlllHailllllllllHIUlilll 
■BBBBBBBIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIIIilll 
■BBBBBBBIIIIIIIIIIIIIIIIIIIIIIiailllilllllKIIII  M 
■BBBBaBaimaiiiiiiiiiiiiiiiiiiiiiifiiiiiiMKii  I 
■BBBBBBMIlMlllllllllllllllllMlllllllllllilHI  II 
■BBBBBBBIIIIIIIIIIIIIIIIIItlllUllllllllinMini! 
■BaBBBBMIllllllllllllillllllMllllllllllllilH 
■BaBBBBBIIIIIIIIIIIIIIIillllllMIIIIIIIIIttiKn  It 

BBaBBBBaaiiiiiiiiiiiiiiiiiiiiiiiiii  :i.  i  •  • 
■aaBBBBaiiiifiiiiiiMMiiiiiimiiiiiiiHiitiiti  II 
BBaBBaBaaiiiiiiiiiiiiiiiiiiiimiiiiiiiiiiniiiiii 
■BflaBBBiiiiiaiiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiiiiiii 

BBBBBBIIIIIIIIIIIIIIIMIIIIIIIIIIIIIIIIlii'MMlil 
BaaBBMniMMiimiiiiHMammiiiMija(«-^»> 


■■■IIIIIIIIIIIIIIIIIIKIIIIIIIIIIIIIIIIIIItllllli 

■■■lllllllllllllllllllllllUIIIIIIIIIIIIIIIIIHIIi 

■■■■■iiiiiiii i.  iLd  I 

■■■IIIIIIIIIIII/JII  .  .11'  1  L 

■■■lliiiiiiliiiiiiiiiiiiiiiiiiiiiiiiiiiniiiiiiii 

■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■■■lllllllllltllllllllllllllllllllllMlllllllllli 

■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■■■iiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■■■IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMII 

■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiii 

■■■llllllllllllllllltllllllllllllllllllllMlIllll 

■■■iiiiiiiiiiiiiiiimiiiiiiiiiiiiiiifiiiiiiiiiti 

■■■■■iiiiiiiiiiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiii 

■■■iiiiiiiiiiiHiiiiiiiiiiiiiiiniiiiiiiHiiiiiii 

■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

■■illlllllllllllHIIIIIIIIIIIIIIIIIIIIIIIIIIHIIi 

■■■IIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIKIIIIIIIIII 

■■■llllfllllllllllllllllllllllllllHIIIIItlMllli 

■■■llllllllllllllllllllllllllllllllllllllllllllli 

■■■•111111111111111111111111111111111111111)11111 

■■■IIIIIIIIIIIIIIIIIIIII•IIIIIIIIIIIIIIIIIIIIII|| 

■■ill•lllllllllllilllllllll•llllllllMlllllllllll 

■■■••11111111111111111111111111111111111111111111 

■■■•IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMIIIMi 

■■■•111111111111111111111111111111111111111111111 

■■■•lllllllllllll||||Ml•lllllltl|||||||illll|l|[ 

. . nil 

■■■■iiiiiiiiriiiiitiiiiiiiiiiiiiiiiiiiiiniiiiii 

■■■•IIIIIIIIIIIIIIMIHIIIIIIIIlilllllllllllllll 

■■■IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIMilllllilllli 

■■■■llllllllllllllllllllllllllllllllldlllllllil 

■■■■iliiiiiiiiiiiiiiiiiillllllliliiiiiiiiiiiiiiii 

■■■■iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiMii 

l■■■•llllllllll|||||ltlll■llllllll||||lllil!lilll 

— ^■•••l•llllllllllllllM■■■lll  :i.  I.  ••  1 1 1 

■  ■■•11111111111111111111111111111111111111111111! 

■■■llllllllllllllllltlM•lllllllll||llllllllllll 


mHaHBBHHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiimim 

kBnBBMMMIUlllllllllllllllllllllllllllllllllltlllllinilllM 

MaBaBBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiimMHiiliiiiM 
^14  4\ '  i 'llllllllllllllllll•llllllllllllllltlftlimmll» 
MaaaiiaaMiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiiiiiMiiiitiiiiiiiim 

iBiaiBBaaBMiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiHiiiiiiiiaii 

ifliBBBaBB^II^^IIIIIIIIIIIIIIIIIII^^IIIIIIIIIIIIIIIIIIItlllllliBil 

!■■BB■B■■■■■■llllllllllllllllil■l■IIIIIIIIIUIIIIIIIItillllll■i( 

l■■BBB■B■•■llllllllllllllllllll•lfllllllllllllllllilllllllllll■l 

l■■BBB■B■••l•••llllllllllllllli•llllllllllllliillllllllttllllBil 

l■■BB■■■■■fl••IIIIIIIIIIIIIIIHI•lllllllllltllllllllllllllllll■il 
l■■BBB■■■••fllllllllllllllllllll■■■lllllllllltlllllllllllillll■l 
lIBaBBBBBB^^Iiaillllllllllllllll^lllllllllllllilllllllllllllllM 
iiaaBBBBBBaiaiaiiiiiiiiiiaiiiiiiiaiiiiiiiiiiiiiiiiiiiiiitiiiiin 
iMiBaBaBB^ai^^iaiiiiiiiiiiiiiiii^^iiiiiiiiiiiiiiiniHiiiiiniH 

IB■I■I•IIIIIIIIIIIIIIIMI•••IIIIIII1IIIIIIIIIIIIIIIUII■I 
l■■BBB■■■l•••llllllllalllltltll•••lllllllllllllllllllilllllil■l 

- l■■■■•■u■llllllllllllltl■a■llllllllllllllllllllllllHl■l 

l■■■••■llllllllllllllllll•lllllllllllllllllllllllillHl■l 
- llalllllllllltllllll•lflllllllllltlllUlllHlllllll^~ 


IBBBBiaBMIlllllllllllllllllllllllllllllllllllllllllltliaiHI 

IBBBiMNiiiiiiiiiiiimiiiiiiiiiiiaiiiiiiiiiiiiiiiiiiiiHai 
iBBBaMNiiiiiiiiiiiiiiiitiiiiiiiiiiiiiiifiiiiiiititiiii  mmi 
iBBBBai  ■iiiiiiiiiiiiiiiiiniiiii  111111111111111111111111 
l■■B■B■l••lllltlllllll|i|||■lllllll|||||||lllllllllll(l|lBi■l 

SBBBBIIIIIIIIIIIIIIIIIIIIIIBIIIIIIIIIIIIIIIIIIimilHI 
■■■■■•IIIIIIIIIIIIIIHIIIBMIlllllllllllllllllinillll 
iBBBBaaaiiiiiiiiiiiiiiiiiiiiiiiiiiiaiiiiiiiiiiiiMMiiiiHBi 

IBBBBBailllllllllllllllllMlllllllllllllllltllllllMlllliaHI 

IBBBBlIBIIIIIIIIIIIIIIlllllBllllllllllllllllllllllllltimm 

iBaBBaBiiiiiiiaiiiiimiiiiiiiiiiiiiiiiiiiiiiiiiiiiifiiiiBiBi 

IBBBHIBBIIIIIIIIIIimillllllllllllllllllllllllllllllimHI 

IBBBBaBllllllllllllllllllllllllllllllllllllllllllinillliHBI 


■BBBBBahBimtii*  **aiP4llllimillllllllllllt|ia 

■BBBBBaBiiiiiiiaiiiiiiiiiiiiii*.:  .  .  . . .  . 

■BBBBBaBBIIIIIIIIIIIimillilllllllll.  Jiii  ';»>i|||||||f  i 

. . 


laaBBBHIIIIIIIIIIIIIIIIilllBllilllllltllll 

laaBBiiBiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

l■■B■■■•llllllllllllllllllll■lallllllllllll 

laaBBaaiBiHiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

IBBBBBHIIIIIIIIIIIIIIIIIillBlllllllltlllll 

l■■B■■■••IIIIIIIIIIIIIIIIIH•llllllllllllll 


iBBaBBaMiii"'^*:::’ 

lMBBBBBa*r  jilllllllllllh  MIIIIIIIIIIIIIIII 

sBaaiiiiiiiiiiiniiiiittiik  iiiiiiiiiiin 

WBBBBBaiBIIIIIIIIIIIIIIIIIIIIBII.'lllllllllll 


■IBBBBBaaBBBIIIIIIIIIIIIIIIIlIBBBIIIIIIIIIIHIHHIIIIIIIIIlBM 

l■BBB■■■■•••l•IIIIIIIIIIIHIII•••llllltllllllllHIIIIIMHIl■l 

nBBBBBailllMIIIIIIIIIIIIIIIIIIMIIIIIIIfItllllllllllllUllBII 

l■BBBi■|■■••llllllllllllllllll■l•ll•llllllltllll^lllllllMl■l 

l■BiBi■i■■••MIIIIIIIIIIIIIUI■••IIIIHIIIIflllliillHllllllSl 

l■BBB■B■■•••llllllllllaMIIIII■••lllllllllll•lllllllllllllil■l 

lilBBBBBaBBBBaillllllllllllllllBBBIIIIIIIIIIIIIIinilllMlllim 

laaBBBBBaBaBaBaaaiiiiiiiiiiiiiiaaBaiiitiiiiiiMiiiiiiiHiimi 

^■BBBBBaaaBaBaaiiiiiiiiiiiiiiiBaaBiiiiiiitiiiMiiiMiiHiiiim 

igBjBBBBBaBiiaaaBiiiiiiiiiiiiiiiBaaaaiiiiiiiiiiiiiiMiiiiiiiiim 
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Figure  81  Frequency  Response  of  High-Band  Radio  Without 
and  De-emphasis 
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laaaBMaaHiiiHiiiBBiBiBBimiiiniiiiaiaiaiaiiiiiiiiiiiiiiiim 
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igure  84  Received  Carrier  Level  Vs.  Noise  Output,  High-Frequency  Band,  Unit  No. 


165 


Figure  85  'Received  Carrier  Level  Vs.  Noise  Output,  High-Frequency  Band,  Unit  No. 
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Figure  87  Transmit  Baseband  Amplifier,  Schematic  Diagram 
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Figure  90  I-F  Amplifier,  Schematic  Diagram 


MATCH  CIRCLES 
WITH  SHEET  lOF  Z 


DISCRIMINATOR 


BASEBAND  AMP. 


1 


NOTE  I. 

ALL  RESISTOR  VALUES  ARE  IN  OHMS. 

ALL  INDUCTOR  VALUES  ARE  IN  MICROHENRIES. 

ALL  CAPACITOR  VALUES  ARE  IN  MICROFARADS 
UNLESS  OTHERWISE  INDICATED. 

ALL  UNMARKED  CAPACITORS  ARE  .001  MICROFARAD. 
UUF  INDICATES  MICROMICROFARAD. 

K  INDICATES  THOUSANDS  OF  OHMS. 

- O - CARD  TERMINAL  CONNECTION. 

- • - CARO  ground  CONNECTION. 

NOTE  2. 

ALL  REFERENCE  DESIGNATIONS  ARE  ABBREVIATED. 
DESIGNATIONS  APPEARING  WITHIN  DOTTED  OUT¬ 
LINES  SHOULD  BE  PREFIXED  WITH  THE  NUMBER 
DIRECTLY  INSIDE  CORRESPONDING  OUTLINE. 

ALL  OTHER  DESIGNATIONS  SHOULD  BE  PREFIXED 
WITH  2A2 


SQUELCH  MONITOR 


GROUND 


SHEET  20F2 


Figure  90 


I-F  Amplifier,  Schematic  Diagram 
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Figure  91  Received  Carrier  Level  Meter  Calibration,  Low  Band 
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Figure  93  Order  Wire,  Schematic  Diagram 
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Figure  94  Receive  Baseband  Amplifier,  Schematic  Diagram 
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Figure  95  Automatic  Frequency  Control  Amplifier,  Schematic 
Diagram 


'igure  96  AFC  Amplifier  Transfer  Characteristic 
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Figure  97  Pre-  and  De-emphasis  Circuit,  Schematic  Diagram 
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igure  98  Frequeccy  Response  of  Multiplex  Pre-  and  De -emphasis  Networks 


igure  99  Frequency  Response  of  TV  Pre-  and  De-emphasis  NetworKs 
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Figure  100  Metering  and  Test  Facility,  Schematic  Diagram 
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Figure  101  Typical  Preselector  Frequency  Response,  Low  Band 


Figure  102  Typical  Preselector  Frequency  Response,  High  Band 
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Figure  103  Antenna  Pattern,  High  Band,  Unit  No. 


igure  104  System  Interconnection  in  Laboratory 
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Figure  105  Radio  Interconnection  Diagram 
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igure  106  AN/TRC-56  Waveguide  Schematic 
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APPENDIX  I 


FREQUENCY  DEVIATION  CALCULATIONS  FOR  AN/TRC-56 
(By  Q.  Veit  and  R.  Smith) 


A.  SPECIFICATIONS  AND  EQUIPMENT  CHARACTERISTICS 
1.  General 


Two  important  factors  affect  the  frequency  deviation  required  in 
the  RF  unit  of  the  AN/TRC-56.  These  are  the  overall  systems  and  equip¬ 
ment  specifications  as  outlined  in  Exhibit  RADC-2562A  and  the  equipment 
design  approach  chosen  within  the  confines  of  Exhibit  2562A.  The  pertinent 
system  and  equipment  specifications  and  characteristics  dictated  by 
Exhibit  2562A  and  the  design  approach  are  detailed  in  the  following  sections. 

2.  Exhibit  RADC  2562A  Specifications 

Exhibit  RADC  2562A  states: 

"3. 5. 2. 8. 2-  RECEIVER  NOISE  FIGURE  -  The  receiver  (RF) 
noise  figure  shall  be  less  than  10  db," 

"3. 5. 2. 8. 4  -  INTERMEDIATE-FREQUENCY  (I-F)  AND  DIS¬ 
CRIMINATOR  BANDWIDTH  -  The  i-f  discriminator  bandwidth  shall  be  20 
MC  to  the  minus  3  db  points,  less  than  30  MC  to  the  minus  20  db  points, 
and  less  than  50  MC  to  the  minus  60  db  points," 

"3.5.2.10.6  -  CARRIER-TO-NOISE  RATIO  -  The  carrier-to- 
noise  ratio  (I.F.)  of  the  system  shall  not  be  less  than  40  db  with  a  60  db 
path  loss  inserted." 

"3.5.3. 1  -  DATA  CHANNEL  MULTIPLEX  -  The  data  channel 
multiplex  shall  provide  facilities  for  simultaneous  transmission  and  recep¬ 
tion  of  twelve  20  KC  channels  in  each  direction  over  the  microwave  relay 
system. " 


"3. 5. 3. 2  -  TWELVE-CHANNEL  VOICE  MULTIPLEX  -  The  12 
channel  voice  multiplex  shall  provide  facilities  for  transmission  and  recep¬ 
tion  of  12  voice  channels  over  the  microwave  in  each  direction." 
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"3. 5. 3. 2.1  -  AMPLITUDE  VERSUS  FREQUENCY  RESPONSE  - 
Each  channel  of  the  voice  multiplex  shall  be  capable  of  transmitting  fre¬ 
quencies  between  300  and  3500  cps  ..." 

"3.5.3.2.12  -  SYSTEM  NOISE  -  The  noise  measured  at  the 
receiving  end,  when  converted  to  the  0  db  relative  transmission  level  point, 
shall  not  exceed  32  dbs  (decibels  adjusted)  as  measured  with  Transmission 
Measuring  Set  TS-559/FT  (or  equal)  using  FIA  weighting." 

3 .  Pertinent  Equipment  Characteristics  Resulting  from  Design 
Approach 


The  following  multiplex  equipment  characteristics  are  a  result 
of  the  design  approach: 

Modulation  -  Double  sideband  transmitted 

carrier. 

Modulation  Index  -  Thirty  percent  for  standard 

channel  test  tone. 

Carrier  Frequencies  -  50  to  1200  kc  inclusive,  spaced 

at  50 -kc  intervals. 

B.  REQUIRED  MULTIPLEX  RECEIVER  CHANNEL  INPUT  S/N  RATIO 
1 .  Conversion  of  FIA  Weighted  Noise  to  Flat  S/N  Ratio 


Exhibit  RADC  2562A  requires  that  the  multiplex  channel  output 
noise  be  32  dba  (FIA  weighting)  relative  to  the  zero  db  relative  transmission 
level  point.  At  the  zero  transmission  level  point,  the  standard  channel 
test  tone  is  0  dbm  or  85  dba.  This  gives: 

S/N  =  85  dba  -  32  dba  =  53  db  (FIA  weighting)  (1) 

Converting  the  FIA  weighted  signal-to-noise  ratio  into  a  flat- 
weighted  signal-to-noise  ratio  gives:^ 

S/N  Flat  =  S/N  FIA  -  3  db  =  53  -  3  =  50  db  (2) 

NOTE:  The  above  numbers  are  based  on  measuring  the  noise 
in  a  3-kc  audio  bandwidth  from  300  cps  to  3300  cps. 
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2.  gffect  of  Multiplex  Receiver  Demodulation  Process 


The  detector  which  removes  the  amplitude  modulation  from  the 
subcarrier  in  each  channel  is  assumed  to  be  a  diode  detector.  The  chan¬ 
nel  output  signal-to-noise  ratio  is  given  by  the  following  formular  (provided 
the  signal-to-noise  ratio  in  the  input  of  the  detector  is  large): 


R 


o 


kR 

1  +  k^/2 


where: 


(3) 


Rq  =  Output  signal-to-noise  voltage  ratio 

R  =  Input  (unmodulated  carrier)  signal-to-noise  voltage 
ratio 


k  =  Modulation  index 


For  30  percent  modulation: 

Rq  =  0 . 3  R 

and  the  decrease  in  signal-to-noise  ratio  resulting  from  the  detection 
process  is  approximately  10  db.  Therefore,  to  provide  a  multiplex  audio 
output  signal-to-noise  ratio  of  50  db,  the  unmodulated  carrier-to-noise 
ratio  at  the  input  of  the  multiplex  channel  receiver  must  be  60  db. 

NOTE:  The  input  signal-to-noise  ratio  R  is  defined  as  the  ratio 
of  the  unmodulated  carrier  voltage  at  the  multiplex  receiver  input  to  the 
noise  voltage  in  the  baseband  spectrum  occupied  by  the  multiplex  channel. 

C .  THEORETICAL  DEVIATION  REQUIREMENTS 

1.  General 


The  carrier-(RF)-to-noise  ratio  specified  in  paragraph  3.5.2.10.6 
of  exhibit  RADC  2562A  is  a  function  of  the  received  RF  carrier  power,  the 
IF  bandwidth,  and  the  receiver  noise  figure.  For  the  purpose  of  calculating 
the  required  channel  deviation,  it  is  assumed  that  the  specified  carrier-to- 
noise  ratio  of  40  db  represents  the  conditions  existing  during  median  RF 
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propagation  periods.  It  is  also  assumed  that  under  these  conditions  the 
multiplex  channel  signal -to-noise  ratio  of  50  db  as  determined  in  Section 
B  - 1  must  be  met. 

2.  Single  Channel  Deviation 

The  unmodulated  channel  subcarrier-to-noise  ratio  at  the  multi- 

A 

plex  detector  input  is  given  by: 


where: 


(4) 


S 

KT 

W 

Be 

^c 

AF 

Equation 


=  Input  RF  carrier  power  in  watts 

-21 

=  4  X  10  watts /cps 

=  Microwave  receiver  noise  figure 

=  Multiplex  channel  bandwidth 

=  Multiplex  subcarrier  frequency 

=  PeaR  deviation  of  RF  carrier  due  to  the  unmodulated 

subcarrier 

(4)  may  be  written  as: 


where: 


;.^F.  f^  = 


RF  carrier-to-noise  power  ratio  in  IF 
Bandwidth  of  the  microwave  IF 
As  defined  before 


(5) 


1-4 


Using: 


=  6  kc 

B.  =  20  Me 

=  10^  (40  db) 

Eg/Ej=  10^  (60  db) 

and  solving  Equation  5  for  AF  gives: 

A  F  =  0.245 

Equation  6  is  plotted  as  Curve  No.  2  in  Figure  I-l. 


3 .  Multiple  Channel  Deviation 


(6) 


The  peak  deviation  of  the  RF  carrier  by  a  sipgle  subcarrier  is 
given  by  Equation  6.  The  rms  RF  deviation  due  to  a  single  subcarrier  is: 


A  F  rms 


0.245  2  fc 

2 


(7) 


Using: 


f  =  50  X  10  n  cps 
c 

where:  n  =  Channel  number  (1  to  24) 
Equation  7  becomes: 

AF  rms  =  8.7  X  lO^n  cps 


(8) 


(9) 


The  total  rms  RF  deviation  due  to  all  24  channel  subcarriers  is 
given  by: 


Total  A  F  rms  =  8 

=  609  kc 


.7  X  lO^n  n^ 


cps 


(10) 

(10a) 
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Combining  Equations  6  and  8: 


^  F  =  12.25  X  lO^n  cps 
n 

where: 


(11) 


=  Peak  RF  carrier  deviation  due  to  the  unmodulated 
subcarrier  of  the  multiplex  channel 

n  =  Multiplex  channel  number  (1  to  24) 

Letting  K  be  the  RF  transmitter  modulation  sensitivity  (cps /volt): 

AF^  12.25  xlO^n 

E  =  — ’  =  -  volts  (12) 

P"  K  K 

where: 

Epj^  =  Peak  voltage  at  the  RF  transmitter  input  due  to  the 
unmodulated  subcarrier  on  the  multiplex  channel 

K  =  RF  transmitter  modulation  sensitivity  (cps/volt) 


The  instantaneous  voltage  expression  for  a  single  unmodulated  sub- 
carrier  at  the  RF  transmitter  input  may  be  written  as: 


E 


n 


where: 


E  cos  (nut  +  ^n) 
pn 


(13) 


th 

E  =  Instantaneous  voltage  of  n  multiplex  channel  unmod¬ 
ulated  subcarrier 
^pn'  ”=  As  defined  before 

“  =  Z  It  (50  X  10^)  radians /second 

♦n  =  An  arbitrary  phase  angle 


If  all 

source  with  the 


the  channel  subcarriers  are  generated  from  a  common 
same  time  delay  for  all  carriers,  then  may  be  set  equal 
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to  zero  without  any  loss  of  generality.  Using  this  assumption,  the  expres* 
sion  for  the  composite  signal  (24  subcarriers)  at  the  RF  transmitter  input 
becomes: 

24 


Ep^  cos  (nwt) 


(14) 


The  expression  in  Equation  14  will  have  a  positive  maximum  where 
cos  (nwt)  equals  plus  one  for  all  values  of  n  from  1  to  24.  This  will  occur 
at  t  =  2ktf/w;  k  =  1,  2,3,....  At  these  points  the  composite  voltage  will 
have  a  peak  of: 

12.25  X  10^  ^ 

■  —  X  y  n  volts 

K  n  =  1  (15) 

Multiplying  the  positive  peak  voltage  by  K  to  obtain  the  positive  peak 
frequency  deviation  gives: 

Peak  AF^  =  KEp^  =  3.68  x  10^  cps  (16) 


"P+ 


24 

I 

n  =  1 


pn 


D.  PRACTICAL  DEVIATIONS 


The  deviations  calculated  in  Sections  C>2  and  C-3  are  based  on  the 
assumption  that  the  channel  signal -to-noise  degradation  is  due  only  to 
intrinsic  (idle)  microwave  receiver  noise.  In  a  practical  system,  this  as¬ 
sumption  is  valid  for  the  channels  occupying  the  upper  half  of  the  baseband 
spectrum  used  by  the  multiplex.  For  the  lower  half  of  the  channels,  addi¬ 
tional  channel  signal -to -noise  degradation  is  caused  by  residual  FM  noise  in 
the  microwave  transmitter,  receiver  imperfections,  and  amplitude  non- 
linearities  (crosstalk)  in  the  equipment. 


This  subject  has  been  thoroughly  explored  by  CCIR^  and  the  CCIR- 
recommended  pre-emphasis  curve  shown  in  Figure  I-l  has  resulted. 
Plotted  along  with  the  CCIR  pre-emphasis  curve  is  the  theoretical  pre¬ 
emphasis  curve  arrived  at  from  the  calculations  in  Sections  C-2  and  C-3. 

CCIR  recommends  that  the  multiplex  channel  falling  at  0.608  f _ _  (f.^,.,- 

®  xxtBx  max 

highest  channel  frequency)  have  the  same  deviation  with  and  without  pre- 
emphasis.  Observation:  of  the  two  curves  shows  the  CCIR  and  theoretical 
curves  to  coincide  for  frequencies  above  0.608  fjjjax* 
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Applying  the  CCIR  pre -emphasis  curve  to  the  particular  case  being 
considered  here  results  in: 


AF^  =  12.25  X  10^  n  cps 

for  n  =  14  to  n  =24 


(17) 


The  peak  deviations  for  the  channels  1  to  13  become: 


Channel 


Frequency 

(kc) 


Peak  Deviation 
(kc) 


1 

50 

108 

2 

100 

no 

3 

150 

112 

4 

200 

113 

5 

250 

117 

6 

300 

120 

7 

350 

124 

8 

400 

129 

9 

450 

133 

10 

500 

137 

11 

550 

144 

12 

600 

151 

13 

650 

160 

Total  peak  deviation  for  channels  1  to  13  = 


1658 


The  total  peak  deviation  for  channels  14  to  24  is: 

24 

^(14-24)  ~  Y_  12.25x10  n  =  2560  kc  (18) 

n  =  14 

The  total  peak  deviation  for  all  24  channels  then  is: 

=  2560  kc  +  1658  kc  (19) 

=  4.218  Me 
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APPENDIX  n 


SIGNAL -TO-NOISE  CALCULATIONS  FOR  AN/TRC-56 
(By  Q.  Veit  and  R.  Tamoshunas) 


A.  GENERAL 

In  any  radio  system,  two  important  factors  to  be  considered  when 
computing  the  system's  overall  signal-to-noise  ratio  are:  thermal  noise 
and  inter  modulation  or  crosstalk  noise.  The  transmit  baseband  amplifier, 
transmit  klystron,  receiver  IF  (includes  RF  mixer),  IF  baseband  amplifier, 
and  receive  baseband  amplifier  are  the  units  in  AN/TRC-56  Radio  System 
where  the  contribution  of  the  signal-to-noise  ratio  occurs  (see  Figure  U-l). 
Effects  of  thermal  and  inter  modulation  noise  at  each  unit  will  be  discussed, 
and  overall  signal-to-noise  ratio  of  the  system  computed  in  the  following 
sections  of  this  appendix. 

B.  SPECIFICATIONS  AND  EQUIPMENT 
1.  Specifications 

Exhibit  RADC-2562A  states: 

"3. 5. 2. 8. 2  -  RECEIVER  NOISE  FIGURE  -  The  receiver  (RF) 
noise  figure  shall  be  less  than  10  db." 

"3.5.2.  10.6  -  CARRIER- TO-NOISE  RATIO  -  The  carrier-to- 
noise  ratio  (I.F.)  of  the  system  shall  not  be  less  than  40  db  with  a  60  db 
path  loss  inserted." 

"3.5.3.  1.6  -  CRC^S-TALK  -  The  cross-talk  coupling  between 
the  20  KC  channels  on  a  single  link  shall  be  numerically  less  than  60  db, 
when  referred  to  equal  level  points." 

"3.5.3.2.12  -  SYSTEMS  NOISE  -  The  noise  measured  at  the 
receiving  end,  when  converted  to  the  0  db  relative  transmission  level  point, 
shall  not  exceed  32  dba  (decibels  adjusted)  as  measured  with  Transmission 
Measuring  Set  TS-559/FT  (or  equal;  using  FIA  weighting . " 
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2.  Proposed  Equipment  Characteriatics 


The  following  are  the  proposed  equipment  characteristics: 

a.  Klystron  modulation  sensitivity,  400  kc/volt. 

b.  Transmit  baseband  amplifier  voltage  gain  of  30  db. 

c.  Transmit  and  receive  baseband  amplifier  Input  Impedance 
of  75  ohms. 

d.  IF  baseband  amplifier  input  impedance  of  2000  ohms. 

e.  IF  baseband  amplifier  voltage  gain  of  12  db. 

f.  -  multiplex  channel  bandwidth  of  6  kc. 

g.  Pre -emphasis  network  with  a  pivot  point  at  700  kc 
frequency  channel  (CCIR  Recommendation  No.  275). 

h.  Twenty-four  multiplex  channels,  from  50  kc  to  1200  kc 
in  50 -kc  intervals. 

C .  THERMAL  NOISE 

1.  General 


The  total  signal -to-noise  ratio  in  the  system  due  to  thermal 
agitation  can  be  expressed  as: 


1 

S/N^  =  - (1) 

Ntbt'S  +  ♦  Nj„/S  +  N,t,/S  + 

where: 

-  Thermal  noise  in  transmit  baseband  amplifier 
=  Thermal  noise  in  transmit  klystron 
N^£^  =  Thermal  noise  in  IF  amplifier 

N£]}t  =  Thermal  noise  in  IF  baseband  amplifier 
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-  Thermal  noiee  in  receive  baseband  amplifier 
S  s  Signal  power  at  noise  measuring  points 

The  thermal  noise  in  the  transmit  baseband  amplifier,  klystron  and 
IF  baseband  amplifier  is  independent  of  frequency.  The  baseband  signal 
in  the  above-mentioned  units  is  pre -emphasized  and,  therefore,  S/N.p 
degradation  in  these  units  will  be  worst  at  the  lowest  frequency  channel. 
The  S/Nj  in  the  receive  baseband  amplifier  will  be  the  same  for  all  chan¬ 
nels,  and  in  the  IF  will  be  worst  at  the  highest  frequency  channel. 

2.  Thermal  Noise  Levels  at  Each  Unit 


a.  Transmit  Baseband  Amplifier 

.  A  multiplex  channel  S/N>p  of  50  db  is  required  to  meet  RADC 
2562A,  3.5.3. 2.  12.  The  required  deviation  to  meet  a  50  db  S/N>p  ratio  has 
been  calculated,  assuming  only  the  thermal  noise  of  the  IF  to  be  signific.'.nt 
(see  Appendix  I). 

The  deviation  is: 

AF  =  0.245  f  ,  for  channels  above  0.6  f_  maximum  (2) 

where: 

AF  =  peak  deviation  of  RF  carrier  due  to  the  unmodulated 
multiplex  subcarrier 

f^  =  subcarrier  frequency 

The  deviation  of  the  lowest  channel  will  be  4  db  (0.63)  lower  than  that 
of  a  channel  at  0.6  f^  maximum  (CCIR  Recommendation  No.  275), 

or: 

AF^  =  (0.245)  (0.6)  (1200  kc)  (0.63)  =lllkc  (3) 

Since  the  klystron  modulation  sensitivity  is  400  kc/volt,  the  signal 
at  its  reflector  is: 
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1 1 1  kc 


400  kc/volt 


=  0. 2f78  volt  peak 


(4) 


For  a  baseband  amplifier  gain  of  30  db  (32:1),  the  channel  carrier 
input  voltage  is: 

0.278  volt 

=  0.00868  volt  peak,  or  0.00615  volt  rms 

32  (5) 


in 


From  this,  the  input  signal  power  is  found  to  be: 

(E. 

'in' 


in 


watts 


R 

10  log 


(6.15  X  10'^)2 


75 


dbw  =  -63  dbw 


(6) 


Assume  that  the  transmit  baseband  amplifier  has  a  10-db  noise 
figure.  Then  the  effective  noise  power  in  a  6  kc  bandwidth  at  the  baseband 
amplifier  input  is; 


Ntbt  = 

N.^  +  10  log  +  W„  J  dbw 

(7) 

where: 

Nin  = 

Thermal  noise  power /cps  (-204  dbw) 

Be  = 

Multiplex  channel  bandwidth  (cps) 

Wn  = 

Noise  figure  of  the  baseband  amplifier  (db) 

Then: 

11 

-204  +  10  log  (6  X  10^)  +  loj  dbw 

(8) 

— 

- 156  dbw 

From  Equations  6  and  8,  the  effective  signal -to -noise  ratio  of  the 
transmit  baseband  amplifier  is: 

S/Ntbt  =  -63  dbw  -  (-156  dbw)  =  93  db  (9) 
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Conclusions;  Thermal  noise  in  the  transmit  baseband  amplifier  may 
be  ignored,  since  the  signal-to-noise  ratio  due  to  it  alone  is  33  db  better 
than  required.  If  modulation  sensitivity  of  the  klystron  increases,  the 
33-db  margin  increases  in  direct  proportion. 

b.  Transmit  Klystron 

The  thermal  amplitude  modulation  noise  in  the  klystron  is 
60  db  or  more  below  the  carrier  so  that  its  effect  on  the  carrier-to-noise 
ratio  in  the  IF  is  negligible.  Based  on  past  experience,  the  residual  fre¬ 
quency  modulation  noise  in  the  klystron  is  also  assumed  to  be  negligible. 

c.  IF  Baseband  Amplifier 

Thermal  noise  in  the  IF  baseband  amplifier  will  have  the 
worst  effect  at  the  lowest  frequency  channel.  The  deviation  for  this  chan¬ 
nel  carrier  (Equation  3)  is  111  kc  peak. 


The  signal  voltage  out  of  the  discriminator  will  be: 


E 


o 


where: 


111  kc 

VT 


X 


Sj)  volts  rms 


=  Discriminator  slope  in  volts /kc 


Signal  power  at  this  point  will  be: 

(Eq)2  (lllhcxS^)^ 

Po  .  -  =  - 

R  2R 


watts 


(10) 


(11) 


Assuming  a  10 -db  noise  figure  for  the  IF  baseband  amplifier,  the 
noise  power  in  the  lowest  frequency  channel  will  be  -156  dbw,  from 
Equation  8. 

The  noise  power  can  be  expressed  as: 

(En  rms)^ 

—  in  watts 

R 
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or, 


2 

(E^  rms) 

N.,  =  10  log - —  in  dbw 

R 

2 

(£  rms) 

N  =  10  log  ■  — ^ - -  -156  dbw 

R 

2  lA 

(E„  rms)  =  3.98x10"*°R 


(12) 


(13) 

(14) 


Assuming  that  the  IF  baseband  amplifier  input  impedance  is  2000 
ohms  and  that  the  required  effective  signal-to-noise  ratio  in  the  amplifier 
is  higher  than  80  db  or  10®:  1  ratio,  the  signal-to-noise  voltage  ratio  can 
be  expressed  as: 


Eg  rms  111  kc  X  Sj^  /Vr 


E^  rms  V3.98  X  10-1®R 


=\/10 


(15) 


then: 


104 


3 . 98  X 


10 


-16 


X  2  X  10^  X 


vr 


111 

=  0.  113  X  10“^  volt/kc 


(16) 


or. 


0.113  volt/Mc 

If  the  discriminator  slope  is  0.  113  volt/Mc,  then  the  thermal  noise 
of  the  IF  baseband  amplifier  is  over  20  db  below  the  thermal  noise  out  of 
the  IF.  If  this  slope  is  decreased  to  30  mv/Mc,  then  the  margin  has  de¬ 
creased  to  approximately  10  db  and  the  overall  system  signal-to-noise  will 
be  degraded  less  than  0.4  db.  If  the  IF  baseband  amplifier  input  impedance 
is  increased  from  the  assumed  value  of  2000  ohms  by  a  factor  of  2,  the 
discriminator  slope  must  be  increased  by  a  factor  of  vr  to  maintain  the 
same  signal-to-noise  ratio. 

Conclusion:  Ignore  thermal  noise  of  the  IF  video  amplifier  with  the 
above  reservations. 
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d.  Receive  Amplifier 


Assuming  a  10 -db  noise  figure  for  the  receive  baseband 
amplifier,  the  effective  noise  power  at  the  input  in  the  lowest  frequency 
channel  will  be  -156  dbw,  from  Equation  8.  The  lowest  frequency  channel 
is  attenuated  1.0  db  by  the  de-emphasis  network  and  amplified  12  db  by  the 
IF  baseband  amplifier.  If  the  discriminator  slope  (Sjj)  is  30  mv/Mc,  then 
the  rms  voltage  of  the  lowest  frequency  channel  carrier  at  the  receive 
baseband  amplifier  input  is: 


E 

rms 


vr  (1000  kc) 

8.43  X  10-3  volts  (17) 


(AFi) 


L  vr 


(4)  (0.9) 


(111  kc)  (30  X  10"'’)  (4)  (0.9) 


Signal  power  is: 


Pg  =  10  log 


(Erms)^ 


=  20  log  (8.43  X  10-3)  -  10  log  75 


Pg  =  -60 . 5  dbw 


(18) 

(19) 


The  signal-to-noise  ratio  in  the  receive  baseband  amplifier  is: 


S/Nrbt  =  -60.5  -  (-156)  =  95.5  db 


(20) 


Conclusion:  Ignore  thermal  noise  in  the  receive  baseband  ampli¬ 
fier.  Even  if  the  IF  baseband  amplifier  voltage  gain  is  unity  and  it  is 
used  only  as  an  impedance  transformer,  the  S/N  will  be  more  than 
83.5  db. 

3 .  Conclusion 

With  the  previous  assumption  that  only  the  thermal  noise  of 
the  IF  is  significant  (calculations  for  the  IF  thermal  noise  have  been  made 
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in  Appendix  I),  it  was  proven  that  the  signal -to-thermal  noise  ratio  in  the 
transmit  baseband  amplifier,  klystron,  IF  baseband  amplifier,  and  receive 
baseband  amplifier  are  at  least  10  db  higher  than  that  of  the  IF.  There¬ 
fore,  the  only  thermal  noise  that  must  be  considered  is  that  of  the  IF 
amplifier. 

D .  INTERMODULATION  OR  CROSS-TALK  NOISE 
General _ 

The  total  signal-to-noise  ratio  in  the  system  due  to  intermodu¬ 
lation  can  be  expressed  as: 


where: 


S/Nj  = 


Ntbi  = 


Nki 

^ifi 

^ibi 


N 


rbi 


Ntbi/S  +  N^i/S  +  N.J./S  +  Nibi/S  +  N^bi/S 


Cross-talk  in  transmit  baseband  amplifier 
Cross-talk  in  transmit  klystron 
Cross-talk  in  receive  IF 
Cross-talk  in  IF  baseband  amplifier 
Cross-talk  in  receive  baseband  amplifier 
Signal  power  at  noise  measuring  points 


(21) 


The  inter  modulation  has  been  assigned  to  the  components  of  the 
system  in  the  following  manner: 


a.  Transmit  baseband  amplifier 

b.  Transmit  klystron 

c.  Total  IF 

(1)  IF  discriminator 

(2)  IF  baseband  amplifier 


1 

4 

2 

1 

1 


d.  Receive  baseband  amplifier 


The  overall  channel  eignal-to-cross-talk  ratiotis  60  db.  This  meant 
a  channel  carrier-to-croee-talk  ratio  of  70  db  (Appendix  I).  With  the 
above  proportions,  the  channel -to*croBS -talk  ratios  must  be: 


a. 

Transmit  baseband  amplifier 

79  db 

b. 

Transmit  klystron 

73  db 

c. 

Total  IF 

76  db 

(1)  IF  discriminator 

79  db 

(2)  IF  baseband  ampifier 

79  db 

d. 

Receive  baseband  amplifier 

79  db 

2.  Intermodulation  Noise  Computation 


To  establish  conveniently  measurable  design  goals,  the  signal- 
to-cross-talk  ratio  is  converted  into  noise-to-noise  ratio.  The  multiplex 
used  in  the  AN/TRC-56  system  occupies  a  frequency  spectrum  from  50  kc 
to  1200  kc.  This  spectrum  is  equivalent  to  that  occupied  by  a  240 -channel 
single -sideband  multiplex,  and  it  is  reasonable  to  use  noise-loading 
techniques  to  evaluate  the  intermodulation.  The  peak  random  noise-loading 
signal  should  be  set  equal  to  the  peak  multiplex  signal. 

From  Appendix  I: 

AFjj  =  12.25  X  lO^n  cps  (22) 

where: 


AFjj  =  Peak  deviation  of  RF  carrier  due  to  the  unmodulated 
subcarrier  at  the  n^h  channel 

n  2.  14,  above  the  700 -kc  frequency  channel 

AF,  =  12.25  X  10^  X  14  =  171.5  kc  (23) 

14 

Also  from  Appendix  I,  the  total  peak  deviation  is: 

-  U)  *  ^'■(14  -  24)  ' 


U-10 


The  peak  voltage  required  at  the  klystron  reflector  is: 


4.218  Me 

^REF  ~  - - -  “  fO.5  volts  peak  (25) 

0.4  Me /volt 

Considering  random  noise  to  have  a  13-db  (4.46:1)  peak  factor,  the 
following  relationship  holds: 


E 

n 


rms 


'np 


4.46 


(26) 


Setting  the  noise  test  signal  peak  voltage  equal  to  the  peak  multiplex 
signal  at  the  klystron  reflector  (Equation  25)  gives: 

10.5 

E  rms  =  -  =  2.35  volts  rms  (27) 

4.46 


The  pre -emphasis  network  is  such  that  when  a  random  noise  signal 
is  passed  through  it,  the  noise  power  in  the  frequency  range  700  to  1200  kc 
is  increased  as  much  as  the  noise  power  in  the  frequency  range  50  to  700  kc 
is  decreased.  This  makes  700  kc  a  pivot  point  (average)  such  that  the 
total  noise  output  of  the  pre -emphasis  network  is  given  by  the  noise  power 
in  a  given  channel  bandwidth  centered  at  700  kc  multiplied  by  the  number 
of  such  channel  bandwidths  which  are  contained  in  the  50-  to  1200-kc  fre¬ 
quency  range.  The  noise  test  signal  at  the  klystron  reflector  in  a  6-kc 
bandwidth  centered  at  700  kc  (channel  14)  is  given  by: 

E^  rms  X 

Ns  =  - 

Bt 

2.35  X  6  kc 

=  ■■■  =  0.012  volt  rms  (28) 

(1200-50)  kc 

where: 

=  Channel  bandwidth  (6  kc) 

B^  =  Total  noise  test  signal  bandwidth 
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The  700 -kc  channel  carrier  voltage  present  at  the  klystron  reflector 
is  (Equation  23): 

AFi4 


VT  X  0.4  Mc/volt 


=  0.303  volt  rms 


(29) 


The  intermodulation  noise  (cross-talk)  voltage  in  a  6-kc  slot  measured 
at  the  700 -kc  channel  must  be  79  db  below  the  channel  carrier  rms  voltage 
at  the  klystron  reflector  (transmit  baseband  amplifier  output).  Therefore, 


20  log  (E^/Nj)  =  79  db 


(30) 


or 


Nj  =  0.303  x  0.  112  x  10"^  =  0.034  mv  rms  (31) 

Using  Equations  28  and  31,  the  ratio  of  the  noise  test  signal  in  a 
6-kc  band  centered  at  700  kc  to  the  inter  modulation  noise  present  in  the 
same  band  (the  noise  power  ^atio)  is: 

12x10"^ 

Ns/Ni  =  - -  (32) 

0.034  X  lO"-’ 

This  noise  power  ratio  must  be  obtained  for  all  channels. 

3.  Conclusions 


From  the  preceding  calculations,  the  noise -to-noise  ratio  for 
the  following  units  of  AN/TRC-56  system  should  be: 


a. 

Transmit  baseband  amplifier 

50  db 

b. 

Transmit  klystron 

44  db 

c . 

Total  IF 

47  db 

(1)  IF  discriminator 

50  db 

(2)  IF  baseband  amplifier 

50  db 

d. 

Receive  baseband  amplifier 

50  db 
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